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ABSTRACT OF THESIS
Acrolein and ethyl vinyl ketone have been subjected 
to reaction with hydrazoic acid in the presence of both 
aqueous acetic acid and concentrated hydrochloric acid. In 
tle former case the hydrazoic acid adds across the olefinic 
double bond giving the corresponding |3~azido compound 
whilst in the hydrochloric acid, and the acid-catalysed 
decomposition of the azides,. the products obtained were 
pyruvic aldehyde and ammonia and 2,3-pentandione and 
ammonia respectively. The reaction of trans-3-methylpent- 
3-ene-2-one under the same•conditions was also studied, 
but in aqueous acetic acid only.an azide mixture was 
obtained and in hydrochloric acid it gave ammonia and a 
mixture of carbonyl compounds. A preliminary investigation 
was made of the reaction of acrylophenone with hydrazoic 
acid.
The reactions of acrylic acid, methyl acrylate, 
ethyl acrylate and acrylonitrile with hydrazoic acid in the 
presence of aqueous acetic acid, hydrochloric acid and 
sulphuric acid have been studied. The azides produced 
by the reaction in acetic acid were shown, by N.M.R., to
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have the azido group attached to the (3-carbon atom. The 
reactions of* these compounds with hydrazoic acid and the 
decomposition of* their azides in sulphuric acid, all lead 
to the same products, pyruvic acid and ammonia, and a 
mechanism which can account for the formation of these 
products has been discussed. Ethyl azinidine-2-carboxylate, 
an intermediate in the proposed mechanism, was prepared and 
decomposed both in hydrochloric and sulphuric acids; the 
products from the former reaction were in accord with those 
expected, but no products were obtained from the decomposition 
in sulphuric acid. A study was made of the reaction between 
maleic anhydride and hydrazoic acid in hydrochloric acid 
and the formation of pyruvic acid and ammonia was explained 
in the light of the mechanisms available. An attempt to 
prepare the aside of vinyl acetate led to a crystalline 
product which was not fully identified.
The investigations described in this thesis 
were performed in the Joseph Kenyon Research 
Laboratories of the University of Surrey, under 
the direction of Dr. C.L. Arcus, who the author 
wishes to thank for his interest in the work. To 
Dr. R.E. Marks the author expresses his gratitude 
for the constant encouragement and valued advice 
given.
Thanks, are also due to the University of 
Surrey for providing a Research Studentship.
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I N T R O D U C T I O N
INTRODUCTION
PART 1 The Schmidt Reaction
The acid-catalysed reaction of hydrazoic acid with
[1]ketones and aldehydes was discovered in 1923 by Schmidt
as a result of an investigation into the decomposition of
hydrazoic acid. When he observed that aniline was produced
when hydrazoic acid was decomposed by sulphuric acid in the
presence of benzene, he postulated that the ”imine radicle”,
NH, was the species responsible. He introduced carbonyl
compounds in an attempt to capture this intermediate and
[2]
obtained amides as the products. The term Schmidt 
reaction has become accepted as the reaction between hydrazoic 
acid and ketones, aldehydes, carboxylic acids, and certain 
alcohols and olefins, in the presence of a strong acid.
The Schmidt reaction of carboxylic acids constitutes 
a one step conversion of a carboxyl group into an amino 
group; it is a fast and simple procedure applicable to 
nearly all,types of acids but its usefulness is obviously 
limited to acids not having other functional groups that 
would be affected by strong acids.
- 11 -
The products obtained from the Schmidt reaction of
r 3 iketones and aldehydes are amides and nitriles respectively 
and normally the reactions take place under much milder 
conditions then the Schmidt reactions of carboxylic acids, 
and often go rapidly at 0° with concentrated hydrochloric 
acid instead of sulphuric acid.
R.CO.R ■■— R.CO,NH. R (XX)
R.CHO ------ R.CN + R.NH.CKO...........  (Ill)
small amount
3, ' Although the principal products of the Schmidt
reaction on ketones are amides, it is also possible to
r 3 1
obtain tetrazoles and ureas , both of which require two 
molecular proportions of hydrazoic acid.
R.CO.R + 2HN^ ---> R - N ---- - C - R ..... (IV)
N N
R.CO.R + 2HN3  -- ^ R.NH.CO.NH.R  ......  (V)
When there is sufficient hydrazoic acid, three molecular
[ 3 ]
proportions may be consumed, producing aminotetrazoles .
R.CO.R + 3HNn ---^ R - NH - C -----  N - R .. (VI)
3 [< |
N
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An important feature of these reactions is that products 
derived from more than one molecular proportion of hydrazoic 
acid cannot be obtained from those whose formation consumes 
less*
With unsymmetrical ketones, equations (XX), (XV), and
(VI), usually give rise to pairs of isomeric products, in
proportions profoundly influenced by structure* In the
case of aliphatic ketones, the most highly branched' group
T41becomes attached to the nitrogen .
HN
(CH,)oCH.C0.CH, --- 2- -^ (CH,)oCH.HH.C0.CH,...... (VII)
J & 1 W CO ^ V
■ OH CH, rTT
/ ••• <«**>/ \ / ana \ /\ / 
[2SC\N / HpSOk H
[5]
Acetophenones always give acetanilides in overwhelming yield
f* 5 1(equation XX), benzophenones  ^ , on the other hand, show-
little sensitivity to meta and para substituents and give 
mixtures of nearly equal amounts of both possible amides 
(equation (X)*
Ortho-substituted benzophenones give mostly the amide
derived from migration of the unsubstituted phenyl group 
T61to nitrogen , but some ortho substituents, such as
r ? icarboxyl , have the opposite effect, apparently owing 
to ring formation at an intermediate stage.
The products obtained from the Schmidt reactions 
certain alcohols and olefins are usually imines or their 
degradation products.
R.CH. (OH) .R  i R.CH=N.R ..............  (XI)
= CH2 ------- R 'jpCH3   (XII)
- Ik -
Schmidt conceived of NH adding to a carbonyl 
group to form an intermediate that would either rearrange 
directly or would first isomerize to an oxime and undergo 
the Beckmann rearrangement. Although the imine radicle is
C91known to take part in certain reactions ' , the idea of
its involvement in the Schmidt reaction was soon abandoned
since .many ketones will react -smoothly- with hydrazoic acid 
oat 0 , yet the latter was known to be stable at 'that
[10 111temperature. It was also later pointed out * that
oximes could not be intermediates, for the Beckmann
rearrangement does not occur under the conditions where the
Schmidt reaction takes place readily.
1*121
In 1925 Oliveri-Mandala proposed that the
initial step involved the addition of hydrazoic acid to the 
carbonyl group, producing an azidohydrin, which then 
rearranged to an amide with loss of nitrogen (equation XIII).
R„.C0 + HN, ----- > R -';Cr'0H  v R.CO.NH.R + N„ ...(XIII)
. 3 2
[13 14 15lThis proposal has been successively elaborated ’ ’
into a aechanism^ ^ 1 in modern terms, which achieved 
expression in two slightly differing forms (equations (XXV), 
(XV).
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R
P-"'
R. ,C~0
H
HA
R
R~
S'
©
,C=-OH A
TTT'T -o JOB , . x,OH
©  s i § £ _ ^ E _ c ^
V/
2
step B
- h2°
> = 1© ©  
H N2
steg <
X -NH —  R
©
R-~—C — N — R
H O
Q 2
: OH
R-— C
N,
(XIV)
(XV)
Each assumes that the initial step is the addition 
of hydrazoic acid to the protonated carbonyl group. The 
interposition of the dehydration step (B) in equation (XV) 
was proEioted by the necessity for an intermediate that could 
account for the formation of tetrazoles when hydrazoic acid
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is used in excess, and to account for the parallel between 
the ratios of isomeric amides produced from unsymmetrical
ketones by the Schmidt reaction and by oximation followed
[41by the Beckmann rearrangement of the oxime mixture 
Equation (XV) suggests the possibility that geometrical 
isomerism of the intermediate irainodiazonium ion determines 
the products if trans migration applies in the Schmidt 
reaction as it does in the Beckmann rearrangement ^
/ / Ci) >
r - C - R --> R - N = C - K ; R r C - R --- R - 'c s N - R
** " ^2 ~ (XVI)
The importance of geometrical isomerism as compared
with electronically determined migration aptitudes was
f 51
demonstrated by Smith and Horwitz . However, the evidence
obtained from the Schmidt reactions of many unsymmetrical
, , [21,22,23,24,25,261 . . . . . . . .  ,ketones, 1 T ’ ’ 1 J indicates that one may encounter
the influence of both migration aptitudes and steric effects;
in other words, the rate-determining step may be step B or
step C, or even step A, depending on the structure of the
ketone and the reaction conditions. Some kinetic
[27 281observations are available, ’ but they do not
unambiguously separate the possibilities and are consistent 
with a variable rate-determining step.
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PART 2 The Structure and Infrared Spectra of Organic Azides 
A linear structure for the azido group which is in 
agreement with its known chemical and physical properties 
was finally established by electron diffraction data on
r 291methyl azide and X-ray -crystallographic analysis of
cyanuryl azide ^   ^^  . Earlier work by Carothers^^
demonstrated the isosteric relationship between phenyl
azide and phenyl isocyanate. Considerable d a t a ^ ^  on
the dipole moments of organic azides -is available and the
data clearly support the linear structiire of the azido group.
In picturing covalent azides as resonance hybrids
f371
between structures I, II and Til, Pauling cites the
’‘adjacent charge rule” and discards structure III as not
being a major contributor.
 ^ 5^^  '3b (*■->
N - N = N : N = N = N : N = N - N :
/  /  /
R R R
I II III
The resulting hybrid predicts a 2.5 bond order to
the bond between N(2) and N(3) and a 1.5 bond order to
the bond between N(l) and N(2).
^(1) - N(2) - N(3) ........... IV
- 18 ~
This prediction is in excellent agreement with the
recent structure determination of methyl azide by Livingston 
r 331
and Rao by electron diffraction studies. The bond angle
CN(1)N(2) (120° jh 2°) agrees well with the resonance hybrid
(X 4-4 XX), since the non-bonded electron pair on N(l) should
( 2 force the system into near trigonal (sp ) hybridisation
about N(l).
T39 40]Molecular orbital calculations * have been of
immense value in the study of organic structural problems 
f4lland Roberts has studied the structure of organic azides
by this approach. Organic azides could have configurations 
V, VI and VXI.
..... (V)
E
...... (VI)
R
2s
• • * • • .. (VII)
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Of these structures VI represents the best picture
of* an organic azide and satisfies the structural observations.
The azido group exerts an electron withdrawing effect
by induction as shoxra by the acid strengths of azido-aliphatic
acids and azido-substituted aromatic carboxylic acids. The
inductive effect of the azido group has been estimated to
[42]be between that of the broao and iodo groups .
The infrared spectra of several organic azides have
{"43 44 45]
been reported in recent years 1 * . The azido group
is characterized by the asymmetric stretching frequency
, -1m  the region 2 ,160-2 ,090cm , the symmetric stretching
frequency in the region 1340-ll80cm~\ and the bending 
frequency around 680cm The azide asymmetric and
symmetric stretching bands of certain azides often appear 
as doublets or triplets although conjugation appears to be 
present in all.azides showing azide bond splitting.
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PART 3 The Acid-Catalysed Decomposition of Azides
The reactions with Br^nsted acids (sources of H +)
are the most important of the reactions of azides with
electrophiles. Azides are inert to dilute acids, but
almost all of them react with concentrated sulphuric acid
[4-2]at room temperature with loss of nitrogen . Nitrogen 
evolution is usually quantitative and has even been used for
[46]quantitative analysis for the azide function . Aliphatic
[47]azides are usually rearranged by such treatment , and 
an a-substituent (hydrogen or alkyl) migrating to the
[48*1retained nitrogen atom to form an aldimine or kef inline ,
[Aq ]which in the case of vinyl azides isomerizes to nitriles . 
Aryl azides do not rearrange, but usually react with the anion 
of the acid or solvent, forming ring-substituted anilines . • 
The exploratory work of Curtius and his s t u d e n t s ’
53 54]* , in the early part of this century, provided a large
portion of the information now available on the acid- 
catalysed decomposition of azides. The first example of
rearrangement in an alkyl azide was reported by Curtius and 
n , * [52]naraps-ssy , who observed the decomposition of benzyl azide 
as catalysed by warm 111 sulphuric acid, or concentrated 
hydrochloric acid. In this compound both phenyl and hydrogen
- 21 -
are in a position to migrate, and products from both.
processes were found.
H SO,
c6 V CV N3  --------> H CH CH,
hydrolysis
C6H CH2“ a°nd ’ « * >6 5 2 o 5 2 ’ 2
condensation polymer 
Phenyl migration would give formaldehyde anil, 
hydrolysed by the medium to aniline (isolated in 15% yield) 
and formaldehyde, while hydrogen migration would give 
bensaldimine, hydrolysed to benzaldehyde (isolated in 19?6 
yield) and ammonia. Reduction to benzylamine, presumably 
by formaldehyde, also occurred, extensively. Hydrolysis of 
the products from the action of fusing sulphuric acid upon 
ethyl aside gave a mixture of formaldehyde, acetaldehyde,
r 551,, -• in agreement with the aboveamraonna and methylamme s
observations for benzyl azide.
Most of the studies on alkyl and aralkyl azide 
rearrangements have been concerned with the acid-catalysed 
reactions. In addition to the studies with separately 
prepared azides, additional information is available from
Schmidt reaction of alcohols and olefins; both processes 
can be discussed together. Justification for doing so 
comes from two types of observations. When alcohols are 
treated with hydrogen azide and a strong acid, the correspon­
ding azide may be formed along with the rearrangement
[56]products, as in the case of 9-tert-butylfluorenol , or 
may even be formed in high yield to the exclusion of 
rearrangement. In such cases, it has generally been found 
that stronger acidity or higher temperatures will bring 
about complete rearrangement whether one starts with the 
alcohol or the azide. With lower acidity, such as that 
given by trichloroacetic acid, the reaction of some tri- 
and di- arylme^hanols with hydrazoic acid may be made a
r 571useful preparative method for these azides . When 
rearrangement may involve either of two equivalently situated 
but different groups, mixtures of isomeric rearrangement 
products are to be expected. Several such systerns have 
been investigated by the Schmidt reaction on the alcohol
[-481and through the separately prepared azide ; mixtures of 
the same composition, within experimental error, were 
produced.
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A considerable amount of data has been compiled on the
T581aralkyl azides. Arcus and Coombs have investigated
the effects of substituents on the products produced from 
9-fluorenols or 9-i‘l^orenyl azides. They observed a marked 
influence of substituents on the direction of ring expansion 
to phenanthridinesr even when substituents were too far from 
the 9 position to have any steric influence.
J
if "N
Their results show that the groups regarded as *.electron 
releasing* promote migration of the ring to which they are 
attached and those which are considered 1 electron withdrawing* 
groups retard it.
Analogous results have been obtained with OG-methyl
[48]
reaction on 1 ,1-diarylethylenes
[63]
and from the studies of the Schmidt
[59,60,61,62]
benshydryl azides
r c;Q 61 Ao l
and on
benahydrolsL"^J # Only the phenyl groups migrated, and no 
products which correspond to migration of hydrogen or methyl 
were observed.
- 24 -
Purely aliphatic systems have not been so well
r55l
investigated. The reaction of ethyl azide with fuming
sulphuric acid has already been discussed and the reaction
. [64]of butyl azide in concentrated sulphuric acid is
similar, also showing a significant amount of methyl migration
n-hexylazide and higher homologues, however, show only
the aldehyde-forming reaction, corresponding to hydrogen
migration* Increasing chain length appears to retard
alkyl migration with respect to hydrogen.
Experiments with secondary or tertiary alkyl azides,
in which two or three alkyl groups might be compared directly,
r (k ^  i
are few. Pritzkow and Mahler have studied the four
isomeric azidoheptanes and report that the products
obtained after hydrolysis were hexylamine and ammonia. The
three secondary heptyl azides each gave a much higher
proportion of alkyl migration; with 2-asidoheptane, n-amyi
migrated to aboiit twice the extent of methyl and with the
3-isomer, n-butyl migrated appreciably more than ethyl.
[66]Pritzkow and Schuberth have also studied the Schmidt
reaction on isomeric heptanols, with respect to products.
They all produced complex mixtures consisting of methyl-,
ethyl- , propyl- , butyl- and amyl- amines and 1-heptanol
carbonium ion rearrangements occurred before attachment of 
the azido group; the similarity between the Schmidt 
reaction on alcohols and the rearrangement of separately 
prepared azides, previously referred to, depends on having 
structures that are not susceptible to carbonium ion 
rearrangement and does not hold where hydrogen can shift 
easily.
when R was isopropyl or cyclohexyl, it migrated (to form 
N- alkyl-
acetophenoneinline) two or three times as much as did 
phenyl (to form a ketone anil); methyl migration did not 
apxoear to be significant. When R was methyl or ethyl,
produced hexylamine as well. It appears that extensive
Competitive migration in the Schmidt reaction of 
tertiary alcohols has been studied by Yukawa and T a n a k a ^ ^  
in a group of a-alkyl-(X-phenyl. ethyl alcohols, 0.CH^.C(OH)R.
OK
CH^ and R C - CH„
It 3 
N - C6H 5
however, phenyl migration predominated. A series of
r fi ° i
l-alkylcyciohexanols was also studied ° . The methyl,
-  26  -
ethyl and cyclohexyl members, and cyclohexaaol itself, 
principally underwent ring expansion, just as had been 
found for the rearrangement of the isolated azides, but
1-phenylcyclohexanoi gave principally cyclohexanone anil.
The behaviour of 1-isopropylcyclohexanol did not allow 
the isopropyl group to be compared with the other groups 
in this series, owing to the occurrence of a carbonium ion 
rearrangement before union with the azide, and products 
derived from ot-cyclohexylisopropyl azide were obtained 
instead.
r69lIn 1953 Arcus and Mesley summarised the
possible carbonium ion intermediates which would be
essential to account for the observed products from the
reactions of ketones, carboxylic acids and olefins with
hydrasoic acid in the presence of a strong acid; for
ketones the polarised molecule (1 ) ^ ^  and the proton adduct(U)
[15,16,17], £or car]3oxylic acids the proton adduGi (111)^^’^^’ 
71]
e  &  #  <35 @
RRC - 0 Rite - OH R.C(OH)0 R.C = 0 Aro0 - 0Ho£U J
(I) (II) (III) (IV) (V)
[161
and its dehydro-form (IV) and for 1:1- diarylethylenes
the proton adduct (V) • the more recent work, outlined
above, is in full accord with these conclusions.
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PART 4 The Schmidt Reaction of* oc, j3-unsaturated Ketones
A survey of the literature reveals that very little
work has been carried out on the investigation of the
Schmidt reaction of a, [3-unsaturated ketones* Mitsuhashi 
[72]and Nomura have studied the Schmidt reaction of some
(X, (3-unsaturated cycloalkenones and have found that, in some 
cases anomalous products were obtained* The reaction of 
2~methyl-2~cyclohexenone(Ila) with sodium aside in the 
presence of several acid catalysts, namely sulphuric acid 
(70%), trichloroacetic acid, concentrated hydrochloric acid 
and polyphosphoric acid, gave 2-amino-3-*methyl-2-cyclohexenone 
(XXb) as the sole isolable basic product.
CH.
Nath
(Ila)
H
ANIL
\/->VCH.
(lib)
The 2-phenyl analogue(Ilia) was also subjected to a 
similar reaction and 2-amino-3-phenyl-2-cyclohexenone(XXXb)
was the sole isolable product.
C6H5 NaN
H~'
3-
(Ilia)
N ^ c 6H5
(nib)
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Hydrolysis of the products obtained above by 
hydrochloric acid (10%) gave 3-methyl-l,2-cyclohexanedione and
3-phenyl-l,2-cyclohexanedione respectively. This was 
considered to be the first observation in 2-cycloalkenones 
that an amino group was introduced to the OG-position of a 
carbonyl grotip accompanied b}r the simultaneous migration
of the methyl or the phenyl group present at the OG-position 
to the (3-position.
The reaction of 3-methyl-2-cyclohexenone(IVa) with 
hydrazoic acid in polyphosphoric acid gave two products
4-methyX-X,5,6,7,-tetrahydro-2H-azepin-2-one(IVb) and
2-amino-3-methyl-2-cyclohexenone(XVc) in equal yields. The 
former compound results
NaH. -T
3 Y  I
p.P.a. R \^>^R
(IVa) (IVb) (IVo)
from a normal Schmidt reaction and the 2-amino-3-methyl-2-
cyclohexenone was obtained by the introduction of an amino
group on position 2 of IVa. However, when the above
reaction was carried out in concentrated hydrochloric acid
they found that the normal Schmidt reaction product (IVb)
was obtained in quantitative yield.
- 29 -
For aromatic ketones the Schmidt reaction of some
[73]bensylideneacetones has also been studied . It has 
already been mentioned (page l6 ) that there is a general 
parallelism between the ratio of isomeric amides produced 
in the ketonic Schmidt reaction and the equilibrium ratio 
of geometrically.isomeric oximes (usually obtained by the 
Beckmann rearrangement) obtained from the same .ketone; 
however, benzylideneacetone was found to yield substantially 
different ratios of amides in the Schmidt reaction and in 
the Beckmann rearrangement.
Briggs, De Ath, and Bills isolated N-methyl-
cinnamamide, in unspecified yield, from the Schmidt reaction 
of bensylidemeactone in a mixture of chloroform and 
sulphuric acid. When Smith and Horwitz^^ attempted 
to repeat this work they failed to obtain the amide but 
they found that if they used sulphuric acid as solvent- 
catalyst, or if the reaction was carried out in concentrated 
hydrochloric acid, N-raethylciimamamide was obtained. Conley 
has also performed this reaction in polyphosphoric acid and 
has obtained N-methylcinnamamide in good yield. However, 
the Beckmann rearrangement (which like the Schmidt reaction 
is believed to involve migration of the group trans to the
- 30 -
departing group), of* the only oxime so far isolated from
r 7 /* -1
benzylideneacetone gave N-styrylacetamide.
D o n a l d ^ ^  has repeated the work of Briggs et
Tlkl r?5lof Smith , and of Conleyu , and has also studied
the reaction of a number of substituted benzylideneacetones.
He found that the Schmidt reaction of benzylideneacetone, 
^-nethoxybenzylideneacetone, ^-nitrobenzylideneacetone and 
m-nitrobemzylideneacetone in concentrated hydrochloric acid 
gave the N-methylcinnainamide as the sole isolable product in 
high yield (^>80%). However, when the reaction was carried 
out in polyphosphoric acid it was found that benzylidene­
acetone and ^2-methoxybenzylideneacetone gave the 
N-methylcinnamaraide as the sole product as before, althoiigh 
the yields were reduced to h7% and 25% respectively; the 
reaction of ^S-nitrobenzylideneacetone and m-nitrobenzylidene— 
acetone led to a mixture of the N-styrylacetamide and the 
N-methylcinnamide with, in both cases, the styrylacetamide
pr © domina ti ng*
[73]Thus in the case of the nitro-ketones Donald 
found that there was a change in amide ratio, from the 
predominance of the N-styrylacetamide to the N-methyl- 
cinnamamide in concentrated hydrochloric acid. He explained
- 31 -
this anomaly by arguing that in concentrated hydrochloric 
acid the production of N-methylcinnamamide was due to 
stabilisation of the iminodiazonium ion with the diazonium 
nitrogens syn to the styryl group by attraction between the 
electron rich double bond and the positive charge
- N
2 I
EL /C .
/C r-—  cr ch
Af J
on the diazonium nitrogens. The aromatic ring, the olefiniC 
and imino bonds were assumed to be in the same plane and 
this effect would then lead to a preferential migration of 
the methyl group. When the reaction was carried out in 
polyphosphoric acid, a more acidic medium, he considered that 
protonation of the' olefinic double bond took 'place prior to 
loss of nitrogen and thus the intermediate can stabilize 
itself with the diazonium nitrogens syn to methyl.
N - W
j I C xj
Ar V'CH.CH0 ----  C - CHnd P
This intermediate could then lead to jfcrana migration 
and as he considered that in polyphosphoric acid both 
intermediates could be present it was considered that this 
constituted a satisfactory explanation of the presence of
- 32 -
products resulting from both methyl and styryl migration*
Bunce and Cloke^^ have investigated the Schmidt
reaction of eyelopropylstyryl ketone, in a mixture of
chloroform and sulphuric acid, and report a 10:1 predominance
of styryl migration. In a similar medium, a mixture of
r 7  7i
benzene and sulphuric acid, Mirek has reported only
migration of the phenyl group during the Schmidt reaction
of benzylideneacetophenone and a number of 3- and %-halo-
benzylideneacetophenones.
The Schmidt reaction of purely aliphatic oc,|3-
unsaturated ketones has received even less attention. 
r7Q-|
Boyer has investigated the reactions of some ot,(3-
unsaturated carbonyl compounds with hydrazoic acid in the 
presence of aqueous acetic acid and the products obtained 
were dihydro~(3-azidoketones.
0 in CH = CR'R"
HN0
— o
%
= C ~ CH2 -
N,
1 ^
CR*R"
R- R* R" R R« Rn
(a) H H H (f) H CgH5 H
(b) cn
HIQO H H (g) 0C2H5 C6H5 H
(c) OH H H (h) NHCH, C6h 5 H
(d) ch3 ch3 ch3 (i) C6H5 c6H5
H
(e) OH
C6H5 H
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A study of nine compounds revealed that variation in 
the nature of R has little effect on the course of the 
reaction, •whereas a phenyl group in the four position 
(R1 = appeared to prevent the addition occurring.
Thus acrolein (a) methyl acrylate (b) acrylic acid (c) and 
mesityl oxide (d) underwent facile addition with the formation 
of 3-azidopropionaldehyde, methyl 3-azidopropionate 
3-azidopropionic acid and 4-methyl-4-azidopentan~2-one 
respectively, but cinnamic acid, cinnamaldehyde, ethyl 
cinnamate, N-methylclzmamamide and benzalacetophenone underwent 
no addition.
r ? 3 iDonald also studied the reaction of methyl vinyl
ketone, methyl isopropenyl ketone and mesityl oxide with 
hydrazoic acid in the presence of concentrated hydrochloric 
acid. The only product obtained from the attempted Schmidt
r
reaction of methyl isopropenyl ketone was ammonia, and this 
only in low yield. The azide of methyl isopropenyIketone,
l-azido-2-methylbutan-3~one, was also prepared b y ■interaction 
with hydrazoic acid in aqueous acetic acid, and the latter 
subsequently decomposed'in concentrated hydrochloric acid; 
in this case a small quantity of methyl ethyl ketone as well 
as ammonia was Reported. Mechanisms were put forward to
- 34 -
explain the production of ammonia from these reactions, but 
as no other products were obtained the validity of any of the 
mechanisms could not be confirmed. Mesityl oxide when 
subjected to an attempted Schmidt reaction was reported as 
giving ammonia,methylamine and a small quality of acetone.
The azide of mesityl oxide was also prepared and then 
decomposed in concentrated hydrochloric acid; in this 
case the sole products were reported as ammonia and 
methylamine.
[7 3]
Donald reported that the reaction of methyl
vinyl ketone with hydrazoic acid in the presence of 
concentrated hydrochloric acid lead to diacetyl and ammonia 
in low yield (8% and 19% respectively). He also prepared 
the azide of methyl vinyl ketone, 4-azidobutan~2-one, 
and reported that the decomposition of the azide in 
concentrated hydrochloric acid gave the same products, namely 
diacetyl and ammonia, in greatly increased yield (56% and 
6l%). A mechanism was put forward for this reaction which 
was able to explain the formation-of the products.
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OBJECTS OF THE PRESENT WORK 
In view of* the anomalous products obtained when
r ? 3 iDonald attempted to carry out the Schmidt reaction on
methyl vinyl ketone in hydrochloric acid, it was decided
to investigate the reactions of* other similar compounds
with strong mineral acids in order that the mechanism for
f73lthxs reaction, put forward by Donald , could be 
verified or not.
- 36 -
- THE DISCUSSION OF THE EXPERIMENTAL RESULTS
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THE REACTIONS OF ACROLEIN AND ETHYL VINYL KETONE 
WITH HYDRAZOIC ACID IN CONCENTRATED HYDROCHLORIC ACID
These reactions were performed by adding the 
compound, dropwise, over a period of* 1 hour to a stirred 
solution of sodium azide in concentrated hydrochloric acid 
at 25°. The stirring was continued for a further 2 hours, 
when the reaction mixture was poured on to ice-water* The 
aqueous solution was extracted with chloroform, the 
combined extracts were washed with aqueous sodium carbonate 
and the solvent was removed at reduced pressure, to yield 
the ’’neutral fraction”. The aqueous products were then 
distilled until the distillate no longer gave a precipitate 
with Brady’s reagent. (Distillate denoted by carbonyl 
fraction I.) The distillation residues were then made 
strongly alkaline with aqueous sodium hydroxide, and then 
distilled into hydrochloric acid until portions of the 
distillate were no longer alkaline. The hydrochloric 
acid solution was then distilled; if the first portion of 
the distillate contained carbonyl compounds it was collected 
(carbonyl fraction II). Finally the last of the acid 
distillation residue was evaporated to dryness, to yield a
baso-hydrochloride. The products of these reactions are
given in Table 1 , page 107 «
The Reaction of Acrolein
The neutral fraction yielded only a small quantity 
of an intractable oil which was not identified. Pyruvic 
aldehyde, identified by the preparation from it of its 
bis-2,4-dinitrophenylhydrazone, was obtained in reasonable 
yield from carbonyl fraction I. The hase-hydrochloride 
was identified as ammonium chloride by the preparation 
from it of benzamide.
The Reaction of Ethyl Vinyl Ketone
The neutral fraction again yielded only a small 
quantity of an intractable oil which was not identified.
2,3-Pentandione, identified by the preparation from it 
of the bis-2,4-dinitrophenylhydrazone, was obtained in 
50% yield from carbonyl fraction I. The base-hydrochloride 
was identified as ammonium chloride by the preparation from 
it of benzamide.
The products obtained from the reaction of acrolein 
and ethyl vinyl ketone are not those which would be expected
- 39 -
if these compounds underwent a classical Schmidt reaction,
and are similar to those obtained by the reaction of methyl 
[73]vinyl ketone .
THE PREPARATION AND DECOMPOSITION OF THE AZIDES 
DERIVED FROM ACROLEIN AND ETHYL VINYL KETONE
Introduction
r 7 a t
Boyer has reported the addition of hydrazoic
acid to a number of a, (3-unsaturated carbonyl compounds of
the type R.CO.CH:C.R* .R!l to give the azides R.CO.CH^. 
C(N^)R*.RM, where R 1 and R” are alkyl or hydrogen, and 
R = alkyl, OH, OCH^ and others. Acrolein was one of the 
compounds successfully treated in this way. In all cases 
he assumed that the azido group was attached to the carbon (3
to the carbonyl group. All of the azides were found to
undergo decomposition in concentrated sulphuric acid 
between 0° and 60°; the decomposition products were not 
investigated.
The Preparation of the Azides
These azides were prepared by adding an excess of 
aqueous sodium azide to a solution of the carbonyl compound
- ko -
in acetic acid. With acrolein a highly exothermic 
reaction occurred and the reaction mixture had to be cooled 
in ice. The azides were isolated by extraction with ether 
and subsequent removal of the solvent from the washed and 
dried solutions by distillation at reduced pressure. The 
azides obtained were not distilled because of the possible 
hazards involved. 3-Azidopropionaldehyde was found to be 
unstable at room temperature and slowly decomposed when 
stored in a refrigerator; however, an anhydrous 10% 
chloroform solution of it was stored for several weeks in 
the refrigerator with no decomposition. 4-Azidopentan-2-one 
was considerably more stable but was always stored in a 
refrigerator prior to use. The yields of the azides are 
given in Table 2 , page 108 .
3-Azidopropionaldehyde gave a ■'2, 4-dinitrophenyl- 
hydrazone and 4-azidopentan-2-one a semicerbazone derivative 
 ^ and the analysis figures of both derivatives indicated that 
an increase of HN^ had taken place compared to the derivatives 
of the unsaturated carbonyl compounds. In the former case 
the melting point of the derivative was close to that
r7 o~|
recorded by Boyer for this compound. The infrared
spectra of the azides and their derivatives showed peaks
- 4 1 -
attributable to the azido group and the absence of peaks 
characteristic of the olefinic double bond. This evidence 
indicates that the hydrazoic acid must have added across the 
olefinic double bond, however, there is the possibility 
that the azido group could be on the a-or |3-carbon atoms.
r 7 81Boyer has assumed that the azido group is in the Im­
position in the azides which he prepared by a similar 
method, and this is reasonable in view of the electronic
r 7 3 1
forces operating. Donald proved that in the azide of
methyl vinyl ketone the azido group was on the p carbon 
atom. He synthesised both 4- and 3- azidobutan-2-ones 
from 4- and 3- chlorobutan-2-ones, by allowing these ketones 
to react with sodium azide in aqueous acetic acid. The 
semicarbazones of these azido ketones were prepared, and 
that of the 3-azidoketone depressed the m.p. of the azide 
prepared from methyl vinyl ketone, while that from the
4-azidoketone did not. Thus he deduced that the azide from 
methyl vinyl ketone was 4-azidobutan-2-one. It is assumed 
that in the azides of acrolein and ethyl vinyl ketone the 
azido group is attached to the (3-carbon atom.
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The Acid-Catalysed Decomposition of the Azides
The freshly prepared azides were decomposed by
adding them, dropwise, to concentrated hydrochloric acid,
owith stirring, in a water bath at 25 • The stirring was 
continued until the evolution of gas had ceased when the 
mixture was poured on to ice water. The reaction mixture 
was treated as in the case of the carbonyl compounds with 
hydrazoic acid in hydrochloric acid except that the solution 
was not chloroform extracted.
The Decomposition of 3-Azidopropionaldehyde
The sole products obtained from this decomposition 
were pyruvic aldehyde, identified by the preparation from 
it of its bis-2 ,4-dinitrophenylhydrazone, and ammonium 
chloride. The yields for this reaction are given in 
Table 3 V page 109.
The Decomposition of l-Azidopentan-3-one
Again only two products were isolated from the 
decomposition of this azide namely 2 ,3p®utandione, 
identified by the preparation from it of its bis-2 ,4-dini- 
trophenyldrazone, and ammonium chloride. The yields for 
this reaction are given in Table 3 page-109 *
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THE REACTION OF TRANS-3 -METKYLPENT- 3 - E N- 2 -Q3STB 
WITH HYDRAZOIC ACID IN CONCENTRATED HYDROCHLORIC ACID
The reaction was carried out by adding the ketone, 
dropwise, over a period of* 1 hour to a stirred solution of* 
sodium azide in concentrated hydrochloric acid at 25°* The 
stirring was continued for a further 5 hours, when the reaction 
mixture was poured on to ice water. Treatment of the aqueous 
reaction mixture was continued as previously described for 
the reactions of acrolein and ethyl vinyl ketone.
The neutral fraction yielded only a small quantity of 
an intractable oil which was not identified. The base- 
hydrochloride gave ammonium chloride, in good yield (48%), 
which was identified by the preparation from it of benzamide. 
Carbonyl fractions (X) and (IX) both gave a complex mixture of
2,4-dinitrophenylhydrazones. Attempts to identify the 
mixtures completely, by thin-layer chromatography, were 
unsuccessful, but it was possible to confirm the presence of 
the 2 ,4-dinitrophenylhydrazones of trans-3-methyIpent-3-en-2-one, 
methyl ethyl ketone, acetone and acetaldehyde in both of them; 
the mixture obtained from carbonyl fraction (X) also contained 
formaldehyde 2 ,4-dinitrophenylhydrazone.
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THE ATTEMPTED PREPARATION AND DECOMPOSITION OF THE 
AZIDE DERIVED FROM TRANS-3-METHYLPBIffr-3-SNB-2-ONB
An attempt to prepare the azide of* trans-3-raethylpent-
3-ene-2-one, 2-azido*-3-methylpentan-4-one, was made toy 
adding sodium azide, portion-wise, to a stirred solution of* 
the ketone in trichloroacetic acid, chloroform and acetic 
acid in a water bath at 2f>°* The azide was isolated 
by extraction with ether and subsequent removal of the solvent, 
from the washed and dried solutions, by distillation at 
reduced pressure. There remained a yellow oil, the 
infrared spectrum of which showed peaks attributable to the 
azido group; however gas-liquid chromatographic analysis 
of the oil revealed that it was a mixture with 5 constituents. 
The azide was not purified further.
The Acid-Catalysed Decomposition of the Azide Mixture 
The azide mixture was decomposed by adding it, 
dropwise, to concentrated hydrochloric acid, with stirring, 
in a water bath at 25°. The stirring was continued until 
the evolution of gas had ceased when the mixture was poured 
on to ice water. The reaction mixture was treated as in
« 45 -
the case of the reactions of the carbonyl compounds with 
hydrazoic acid in hydrochloric acid, except that the 
solution was not chloroform extracted.
The base-hydrochloride obtained was identified as 
ammonium chloride, by* the preparation from it of benzamide, 
and the carbonyl fraction gave a mixture of 2 ,4-dinitrophenyl- 
bydrazones similar to that obtained in the azido reaction 
of the ketone.
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DISCUSSION OF THE REACTION OF ACROLEIN AND ETHYL VINYL 
KETONE WITH HYDRAZOIC ACID IN THE PRESENCE OF CONCENTRATED 
HYDROCHLORIC ACID AND THE DECOMPOSITION OF THEIR AZIDES
[731Donald obtained only diacetyl and ammonia both
from the reaction of methyl vinyl ketone with hydrazoic 
acid, in the presence of hydrochloric acid, and from the 
acid-catalysed decomposition of 4-azido-bu tan-2-one• He 
considered it likely that 4-azidobutan-2-one was an 
intermediate in the former reaction.
Although diacetyl and ammonia were among the 
expected decomposition products of 3~azidobutan-2-one it. 
was hard to
•^3 ®  it 2 H O
\ H II 2 ■<£'+
Ch3. C . COCH3 ---- * ch3 . C . COCH3 — — > CH3CO.COCH3hnh%
H
explain the formation of these products from 4-azidobutan-
2-one by the currently accepted mechanisms for acid-catalysed 
decompositions of alkyl azides. The equations given below 
show the classic r o u t e ^ ^  for the acid-catalysed decomposi­
tion of this azide; involving the migration of hydrogen or 
the acetyl group from bonding with carbon to bonding with 
nitrogen.
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<£ -a ATT HpO
N_ . CH0 „ CH_ « CO . CH_  ----4 Nil0: CH. CH .CO * CH —  £ OCH.CH,J> Ct <5 J & C* $ t
CO.CH^ + NH^
®  @  h o  ®
N CH2.CH2.CO.CH3 -2--» CH2 :NH.CH2 .C0.CH3 — --  ^H3NCH2.
CQ.CH + HCHO 
j?
None of the carbonyl compounds expected from these routes 
were found and the mechanism which was put forward to explain 
the products is described below:-
HN
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For the formation of CC-dicarbonyl compounds and 
ammonia from both the interaction of hydrazoic acid with 
the a, (3-unsaturated ketone and the acid-catalysed decomposi­
tion of the derived azide it was suggested that the addition 
of hydrazoic acid to CH^CO.CH = CH^ (X) gives the dihydro-(3- 
azidoketone (IX), the proton adduct of which (XII) undergoes
loss of nitrogen and ring closure; the electron pair
(\©w
originally forming the C(2)-H bond forming the 0(2)-N bond 
of the protonated 2-acylaziridine (IV)« The latter 
compound rearranges with migration of hydrogen, with 
its electron pair, from 0(2) to 0(1), and transfer of the 
electron pair of the C(l)-N bond to form part of the 
C(2)=N bond, resulting in the protonated ketimine (V), 
which is then hydrolysed to give the dicarbonyl compound (VI) 
and the ammonium ion.
The rearrangement XXX to XV is illustrated better 
by writing it as below when it is shown in. the hydrogen 
bonded form.
- %9 -
Aziridines have been reported as products of reactions
r7 Q -i
of azides and olefins ; Huisgen, Szeimies and Mobius 
have obtained methyl l-phenyl-2-methylaziridine--2-carboxylate 
from phenyl azide and methyl methacrylate. The rearrangement 
IV to V is similar to that of styrene oxides, when these are
treated in the presence of a catalyst, or, as in the less
well investigated cases, when they rearrange in acids,
r s i iFor example, Algar and McKenna have rearranged benzoyl
styrene oxide to 2,4-diphenylpropan-l,3-dione in aqueous 
sulphuric acid
H Ph Ph.
L ^ l  ,  l
Ph CO, (T- - C - H -—   ^Ph CO, CH. CHQ
The only case of a similar rearrangement of an
rOo]
asiridine derivative has been reported- by Deutsch and Fanta 
who isolated isobutyraldehyde and thiourea, together with 
some 2-anilino-5,5-dimethyl-2-thiazoline, while heating 
2,2-dimethyl-l-CN-phenylihiocarbamyl)aziridine in concentrated 
hydrochloric acid.
rpo pzti
Marsili * * has proposed a mechanism for an
azide decomposition involving the formation and rearrangement 
of an aziridine ring. However, the course of rearrangement 
in this case is different, as it involves the breakage of 
a C-C bond instead of a C-N bond.
- 51 -
r o c *i
Gundermann, Rose and Schulze have also reported
the thermal isomerization of H-benzyl-2-cyanoaziridine to 
N-benzyliminopyruvonitrile.
If acrolein and ethyl vinyl ketone, when reacted 
with hydrazoic acid, in the presence of concentrated 
hydrochloric acid, underwent a classical Schmidt reaction 
according to the mechanisEi of Smith the products would
be as shown in the equations below:-
CH2 = CH.CHO --> CH2 = CH. CN, CHg = CH.NH.CHO
CH„ = CH.COC_H_  * CH0 = CH.CO.NH.C0H_, CH0 = CH.NH.C0.CoHce& d 5 " 6 y  6 & J
or their hydrolysis products
CH2 = CH.CN -- > NH3», CH2 = CH.COgH
CHg = CH.NH.CHO  > CH^CHO, NH^, HCOgH.
CH2 = CHPQNHPgH^ ----> CH2 = CH.COgH, CgH^.NHg
CH2 = CH3STHP0C2H5 ---------> CH3 CHO, NH3 , C ^ . C O g H .
However, it has been shown that the hydrazoic acid 
adds across the olefinic double bond and that the azido 
group is attached to the [3-*carbon atom whereas the expected 
azide intermediate for a classical Schmidt reaction of a
-  52 -
carbonyl compound would be
C.
2 5
CH = CH - C - OH
I
NH-Ng
The most likely route for the acid catalysed decomposition 
of the azides obtained involves the migration of hydrogen 
or the electron withdraTfing group from bonding with
carbon to bonding with nitrogen.
&  ^  H 0
N3.CH2.CH2.CO.C2H5 ^ NH2 j CH.CHg.CO.CgH -^-4 CCH.CH2.CO.C2H3
+ NH.
„
H*’" &  H 2° ©N„ . CH0. CH- . CHG NH0 ; CE. CH0 . CHO OCH. CHrt . CHO. +p sL d & d eu
v ®  ©  h 2o ffi
N3.CH2.CH2.CO.C2H5 CH2 :NH.CH2CO.C2H3 » Eyj.CHg.CO.
CgH^ + ECHO
N3 . CH2 . CHg . CHO CK2 : NH . CHg . CHO . CHg . CHO + ECHO
None of  the carbonyl compounds expected from these r o u t e s
were found and the- products which were obtained can be
[86]
best explained by the mechanism of Donald and Marks .
Thus it was found that the reaction of acrolein and ethyl 
vinyl ketone with hydrazoic acid in the presence of hydro­
chloric acid was similar to the anomalous reaction already 
reported for methyl vinyl ketone*
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DISCUSSION OF THE REACTION OF TRAN S - 3 -METHYLPBNT - 3 -- BNE - 2 - ONE 
WITH HYDRAZOIC ACID IN CONCENTRATED HYDROCHLORIC ACID
[731Donald J has reported that the only products 
obtained both from the attempted Schmidt reaction of methyl 
isopropyl ketone and mesityl oxide in hydrochloric acid and 
the decomposition of their azides were ammonia and small 
amounts of methyl ethyl ketone and acetone respectively.
There were no products obtained which would be expected if 
either of these ketones underwent a similar reaction to that of 
methyl vinyl ketone. Trans-3-aiethylpent-3~e2ie-2-one also gave 
ammonia when subjected to reaction with hydrazoic acid in 
concentrated hydrochloric acid, but there was also obtained a 
complex mixture of carbonyl compounds. Attempts to prepare 
the azide of the ketone were unsuccessful and always lead to a 
mixture of products, the constituents of which were not 
identified. Decomposition of the azide mixture obtained, 
gave the same products as the reaction of the ketone with 
hydrazoic acid.
No products were obtained which could be accounted 
for by the Marks-Donald rearrangement and It would seem as if
-  55 -
the ketone undergoes extensive rearrangement and possible 
fragmentation before formation of the azide although it is 
possible that it is the azide itself which undergoes
r 3 7 1
fragmentation immediately after formation. Pudovik 
has studied the addition of dialkyl phosphites to aliphatic 
OC, (3-unsaturated ketones. He reported that addition of 
dialkyl phosphites to ketones of general type R.CO.CR:Rg led 
usually to a reaction at the vinyl link but in some cases 
addition at both the vinyl double bond and the carbonyl double 
bond took place. He also found that the presence of two 
methyl groups at the a*and (3—carbon atoms, especially the 
latter, of the vinyl group served to decelerate the reaction 
very considerably, because of a decrease in elect.rophlic 
character of the carbon atom, and favoured reaction at the 
carbonyl group.
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THE PREPARATION AND DECOMPOSITION OF (3-AZIDQPRQPXQPHEHONE
A preliminary investigation has been carried out on 
the reaction of acrylophenone with hydrazoic acid in 
concentrated hydrochloric acid and also the decomposition of 
its azide in strong mineral acids. The acrylophenone was 
prepared from (3-chloropropiophehone. The |3-ehloropropio- 
phenone was initially prepared by the method of Hale and 
Britton^^ who claimed a 90% yield of (3-chloropropiophenone
of m.p. 57°. However, a more recent paper by Kenner and
r g o i  [ 8 8 1
Statham reported that repetition of Hale and Brittons
work yielded a mixture of. products, 1,3-diphenylpropan-l-one
(m.p. 71-72°) and the (3-chloropropiophenone (m.p. 49-50°)•
Further samples of (3-chloropropiophenone were prepared by
the method of Kenner and Statham^^ which involved heating
3-chloropropionic acid with phosphorus trichloride on a
water bath for one hour. After the addition of carbon
disulphide to the product, the mixture was filtered and
the filtrate was added to a mixture of benzene, carbon
disulphide and aluminium chloride. After gentle warming
for -g- hour the reaction mixture was poured on to ice.
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Evaporation of the organic layer obtained by separation of
the aqueous reaction mixture yielded p-chloropropioxohenone,
which, after recrystallisation from light petroleum, had a.p, 
o49-50 in accord with the m.p. given for this compound by
r g q l
Kenner and Statham
The {3-chloropropiophenone was converted to acrylo­
phenone by stirring an ethanolic solution of equimolar 
proportions of potassium acetate and (3-chloropropiophenone 
for 10 minutes. After extraction with chloroform and 
subsequent removal of the washed and dried chloroform 
solution there remained acrylophenone which after fractionation
at reduced pressure had b.p. in good agreement with that
[ 90lreported by Allen and Barker for this compound.
The azide, (3-azidopropiophenone, was prepared both 
from acrylophenone and from (3-chloropropiophenone.
The Preparation of the Azide from (3-Chloropropiophenone
The azide was prepared by adding the chloroketone, 
dropwise, with stirring, to an excess of sodium azide in 
aqueous acetic acid in a water bath at 25°. The mixture 
was stirred for 3 days. The azide was isolated from the
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reaction mixture by extraction with ether and subsequent 
removal of the solvent from the washed and dried solution 
by distillation at reduced pressure. The azide 
obtained was not distilled because of the possible hazards 
involved.
The Preparation of the Azide from Acrylophenone
In this case the azide was prepared by adding the
ketone, dropwise with stirring, to an excess of sodium
azide in aqueous acetic acid, surrounded by a water bath 
oat 25 • After 30 minutes the azide was isolated by 
extraction with ether and subsequent removal of the solvent 
from the washed and dried solution by distillation at 
reduced pressure. The azide obtained was not distilled 
because of the possible hazards involved.
The infrared spectrum of both azides were identical 
and showed peaks characteristic of the azido group and the 
absence of, peaks attributable to the olefinxc double bond. 
The azide gave a 2 ,4-dinitrophenylhydrazone derivative and 
the analysis figures of the derivative indicated that an 
increase of HN^ had taken place compared to the derivative 
of the unsaturated carbonyl compound. The N.M.R. spectrum
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of the azide had two triplets centred at 6.1 T (6Hz) and 
6.55^ (6Hz$ similar to those already obtained for the other 
azides and characteristic of two adjacent methylene groups 
as would be expected if the azido group is attached to 
the j3-carbon atom. There was also a complex splitting 
pattern in region 1.9 ^  to 2.6 T ? attributable to the 
protons of the phenyl group.
It was also found that the reaction of acrylophenone 
with hydrazoic in concentrated hydrochloric acid at 25° load 
not to the expected carbonyl compounds and the base-hydro- 
chloride but to the azide, identical with that obtained 
above. Attempts to decompose the azide in polyphosphoric 
acid lead to a complex mixture both of carbonyl compounds and 
of bases, from these mixtures only small amounts of 
acetaldehyde, acetophenone and ammonium chloride were 
identified. The decomposition of the azide was also 
attempted both in chloroform-sulphuric acid mixtures and in 
concentrated sulphuric acid but again complex mixtures of 
products were obtained; these were not identified.
The lack of evidence obtained from the decomposition 
of the azide and the inability of acrylophenone to react
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with hydrazoic acid in concentrated hydrochloric acid makes 
it impossible to compare this reaction with those of methyl 
vinyl ketone, ethyl vinyl ketone and acrolein although 
there is sufficient evidence to show that the.azide 
obtained is the (3 one, similar to all the other azides 
obtained.
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THE REACTIONS OF ACRYLIC ACID, METHYL ACRYLATE,
ETHYL ACRYLATE AND ACRYLONITRILE WITH HYDRAZOIC 
ACID IN CONCENTRATED HYDROCHLORIC ACID
These reactions were performed by adding the 
compound, dropwise, over a period of 1 hour to a stirred 
solution of sodium azide in concentrated hydrochloric 
acid at 40°. The stirring was continued for a further 
17 hours, when the reaction mixture was poured on to ice 
water. The aqueous solution was distilled until portions 
of the distillate no longer gave a precipitate with 
Brady*s reagent (distillate I). The distillation residues 
were cooled, made alkaline with aqueous sodium hydroxide 
and the product was then distilled into hydrochloric acid 
until portions of the distillate (distillate(II)) were 
no longer alkaline. The distillation residues were 
acidified and this solution, together with distillate(I) 
were treated separately with Brady*s reagent; precipitates 
(III) and (XV) were collected. Distillate(II) was 
evaporated to dryness and the base-hydrochloride was 
obtained. The products of these reactions are given in 
Table 4 , page 110 .
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The Reaction of Acrylic - Acid
The only products obtained from this reaction were 
ammonium chloride, identified by the preparation from it 
of benzamide, and pyruvic acid, identified by the 
preparation from it of its 2, 4-dinitrqphenylhydrazone. The 
distillate, obtained from the acid distillation, gave no 
precipitate with Brady*s reagent.
The Reaction of Methyl Acrylate
The base-hydrochloride obtained from this reaction 
was identified as ammonium chloride by the preparation 
from it of benzamide. The'only other product obtained 
from the reaction was pyruvic acid, identified by the 
preparation from it of its 2 ,4-dinitrophenylhydrazone.
The Reaction of Ethyl Acrylate
The products obtained from this reaction were 
identical with those obtained for methyl acrylate; ammonium 
chloride, identified by the preparation from it of 
benzamide, and p3nruvic acid, identified by the preparation 
from it of its 2 ,4-dinitrophenylhydrazone.
- 63 -
The Reaction of Acrylonitrile
The only products obtained from the reaction of 
acrylonitrile were ammonium chloride, identified by the 
preparation from it of benzamide and pyruvic acid, 
identified by the preparation from it of its 2,4- 
dinitrophenylhydrazone.
All these reactions were characterised by the 
low yields of products obtained.
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THE REACTIONS OF ACRYLIC ACID, METHYL ACRYLATE 
ETHYL ACRYLATE AND ACRYLONITRILE WITH HYDRAZOIC 
ACID IN CONCENTRATED SULPHURIC ACID
These reactions were carried out by adding the
compound, dropwise, over a period of* 1 hour, to a stirred
solution Of sodium azide in concentrated sulphuric acid 
i oat 40 .* The stirring was continued for a further 1 hour, 
when the reaction mixture was poured on to ice. The 
treatment' of the aqueous solution obtained was as described 
for the reaction of these compounds in concentrated 
hydrochloric acid. The products of these reactions are 
given in Table 4 , page 110
The Reaction of Acrylic Acid
The only products obtained from this reaction 
were ammonium chloride, identified by the preparation 
from it of benzamide, and pyruvic acid, identified by the 
preparation from it of its 2 ,4-dinitrophenylhydraz;one. The 
distillate obtained from the acid distillation gave no 
precipitate with Brady*s reagent.
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The Reaction of Methyl Acrylate
The base-hydrochloride obtained from this reaction 
was identified as ammonium chloride by the preparation 
from it of benzamide. The only other product obtained 
was pyruvic acid, identified by the preparation from it 
of its 2,4-dinitrophenylhydrazone.
The Reaction of Ethyl Acrylate
The products obtained from this reaction were 
identical to those obtained for methyl acrylate, 
ammonium chloride, identified by the preparation from if 
of benzamide, and pyruvic acid, identified by the 
preparation from it of its 2 ,4-dinitrophenylhydrazone.
The Reaction of Acrylonitrile
The sole products obtained from this reaction 
were ammonium chloride, identified in the normal manner, 
and pyruvic acid, identified by the preparation from if 
of its 2,4-dinitrophenylhydrazone. In all cases there 
was an increase in yield compared with the similar 
reaction carried out in concentrated hydrochloric acid.
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THE PREPARATION AND DECOMPOSITION OF THE AZIDES
DERIVED FROM ACRYLIC ACID, METHYL ACRYLATE,
ETHYL ACRYLATE AND ACRYLONITRILE
The Preparation of the Azides
The azides were prepared by adding an excess of 
aqueous sodium azide to a solution of the compound in 
acetic acid surrounded by a water bath at 40°; the reaction 
mixture was allowed to stand in the bath for 3 days, and the 
azides were isolated from the product by extraction with 
ether and subsequent removal of the solvent from the washed 
and dried solutions by distillation at reduced pressure. The 
azides obtained were not distilled because of the possible 
hazards involved. The azides, 3-azidopropionic acid, methyl 
3-azidopropionate, ethyl 3~azidopropionate and 3-azidopropioni- 
trile, all of which were pale yellow oils, were stored in a 
refrigerator until required. The yields of the azides are 
given in Table 5 , page 111 .
The Infrared spectra of the freshly prepared azides 
showed peaks attributable to the azido group and the absence 
of peaks characteristic of the olefinic double bond. This 
evidence indicates that the hydrazoic acid must have added
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across the olefinic double bond, but aSain there is the 
possibility that the azido group could be attached to the
a-or P^earbon atoras. It has already been mentioned
r7o-j *
(page 41 ) that Boyer assumed that the azido group
was on the (3 - carbon atom in the azides which he prepared
[*731by a similar method, and also that Donald proved that
in the case of* the azide of methyl vinyl ketone the azido 
group was attached to the (3- carbon atom.
N.M.R. studies have been carried out on the azides 
obtained from acrylic acid, methyl acrylate, ethylacrylate 
and acrylonitrile; these indicate that the azido group 
is attached to the (3- carbon atom. The N.M.R. spectra of 
the unsaturated compounds were obtained and in all cases 
these were similar to those given for these compounds in
foil
the Vartan N.M.R. spectra catalogue
The N.M.R. spectra of the acrylic acid gave a complex 
splitting pattern in the region 3 .IT to 4 .IT assigned to 
the protons attached to the olefinic double bonds and a 
singlet at -1 .8 0 T assigned to the carboxylic acid proton.
The spectra of its azide, 3-azidopropionic acid, was 
characterized by the lack of any peaks in the region 3 ,0 T to 
5•0 T and consisted of two triplets centred at 6.5 ^ (6Hz) and
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FIGURE 3
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and 7.35 T (6Bz) and a singlet at -1.7 8 T , assigned again 
to the carboxylic acid proton. The two triplets can be 
explained by the presence of two adjacent methylene groups 
in the azide. and in this case the azido group must be 
attached to the p-carbon atom.
The N.M.R. spectra of methyl acrylate and ethyl 
acrylate both gave a complex splitting pattern in the 
region 3.4 T to 4.4 T again assigned to the protons attached 
to the olefinic double bond. Methyl acrylate gave a singlet 
at 6.2 *£ , assigned to the methyl group and ethyl acrylate
a quartet centred at 5.8t (7 Hz) and a triplet centred at
8.7 T ( 7 Hz) assigned to the methylene and methyl substituents 
of the ethyl group respectively. The spectra obtained from 
their corresponding azides, methyl 3-^zidopropionate and 
ethyl 3-eizidopropionate, again showed a complete absence 
of any bands in the region 3.0 to 5.0 T but did contain 
two triplets centred at 6.4 t (6 Hz), 7.4 t (6i Hz), and 
6.581; (6 Hz), 7.5 T (6 Hz), respectively, which were not 
present in the,spectra of the unsaturated compounds. This 
evidence again supports the fact that there are two adjacent 
methylene groups in the azido esters which necessitates the 
azido group being attached to the p-carbon atom.
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The N.M.R. spectrum given by acrylonitrile 
consisted solely of a complex splitting pattern in the region 
3.6t to 4. 6t whereas the spectra obtained from 3-azido- 
propionitrile consisted solely of two triplets centred at 
6.5T (6 Hz) and 7.39^ (6 Hz) which again is in agreement 
with the evidence obtained from the other azides, that the 
azido group is attached to the p-carbon atom.
Thus the evidence obtained from the N.M.R. spectra 
of the azides is in good agreement with the assumptions 
made by Boyer that in the azides he prepared, by a
similar method, the azido group is attached to the 
P-carbon atom. Further, a solid derivative of 3-®.zido- 
propionic acid was prepared. Interaction between methyl 
3-azidopropionate and hydrazine hydrate gave a liquid 
hydrazide which when heated with benzaldehyde gave
3-asidopropionic acid benzalhydrazide of melting point in 
good agreement with melting points reported by Gui/tius and
r q'p i r7&i
Franzen , and by Boyer . The infrared spectrum of 
the compound showed the presence of an azido group, and the 
N.M.R. spectrum was consistent with the formula
N3 .CH2.CH2 .CO.NH.N = CH.C6H5.
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THE ACID-CATALYSED DECOMPOSITION OF THE AZIDES
(A) In Concentrated Hydrochloric Acid
The freshly prepared azide was added, dropwise, 
over a period of 30 minutes to a stirred solution of con­
centrated hydrochloric acid surrounded by a water bath at
4-0°. The stirring was continued for 3 days when the 
reaction mixture was poured on to ice water. Treatment 
of the product was then continued as described for the 
reactions of the unsaturated compounds with hydrazoic acid 
in concentrated hydrochloric acid (page 6l ). In all cases 
there was a complete absence of any products, either 
carbonyl or base-hydrochloride which would have been 
expected had the azides undergone decomposition by the 
expected pathway, however in all the distillations carried 
out there was detected free hydrazoic acid, by its 
unpleasant action on the eyes and nose. Because of the 
lack of any products from the decomposition, if was 
decided to extract the aqueous reaction mixture with ether 
before distillation.
Another series of freshly prepared azides were 
decomposed in a .similar manner to that described above and
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in these cases, after pouring on to ice water, the aqueous 
reaction mixture was extracted with ether. The aqueous 
solution obtained after ether extraction was again treated 
as described on page 6l, but no products were obtained.
The combined ethereal extracts were dried and the solvent 
removed at reduced pressure. Xn all cases there remained 
a pale yellow oil, identified, in each case, as 3-azidopropionic 
acid by its infrared spectra which was identical to that 
of an authentic sample. The yields from these reactions 
are given in Table 6 , pnge 112 •
(B) In Concentrated Sulphuric Acid
A solution of the freshly prepared azide in acetic 
acid was added, dropwise, carefully, over a period of 
1 hour, to a stirred solution of concentrated sulphuric 
acid surrounded by a water bath at 40°. A vigorous 
reaction occurred, which became violent if the rate of 
addition was too fast, and the stirring was continued until 
the evolution of nitrogen ceased (c. 1 hour), when the 
reaction mixture was poured on to ice. The treatment of 
the aqueous reaction mixture was as already described 
above (page 6l ) -
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The Decomposition of 3-Azidopropionic Acid
The sole products obtained from this decomposition 
were pyruvic acid,, identified by the preparation from it 
of its 2,4-dinitrophenylhydrazone, and ammonium chloride, 
identified by the preparation from it of benzamide. The 
yields for this reaction are given in Table 6 , page 112.
The Decomposition of Methyl 3-Azidopropionate
The only products obtained from this decomposition 
were pyruvic acid, identified by the preparation from it 
of its 2,4-dinitrophenylhydrazone and ammonium chloride.
The yields for this reaction are given in Table 6 , page 112 •
The Decomposition of Ethyl 3-Azidopropionate
The products obtained from this decomposition were 
similar to those given by methyl 3-azidopropionate, namely 
pyruvic acid and ammonium chloride, both of which were 
identified in the normal way. The yields for this reaction 
are given in Table 6 , page 112
The Decomposition of 3-Azidopropionitrile
Again the sole products obtained from the decomposition 
of 3-azidopropionitrile were pyruvic acid and ammonium chloride,
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both of* which were identified in the normal manner, 
although in this case ammonium chloride was also produced 
by the hydrolysis of the nitrile to the carboxylic acid. 
The yields for this reaction are given in Table 6 ,
page 112 .
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DISCUSSION OF THE REACTIONS OF ACRYLIC ACID, METHYL 
ACRYLATE, ETHYL ACRYLATE AND ACRYLONITRILB WITH 
HYDRAZOIC ACID IN THE PRESENCE OF HYDROCHLORIC ACID 
AND SULPHURIC ACID AND THE DECOMPOSITION OF THEIR AZIDES
The only reported examples of a,P-unsaturated 
acidsbeing subjected to a Schmidt reaction are the reactions
r 931of cinnamic acid and substituted cinnamic acids. Osterlin
reported that hydrazoic acid and cinnamic acid reacted in
sulphuric acid-chloroforra medium to give, after neutraliza­
tion, aniline, phenylacetaldehyde, carbon dioxide, nitrogen 
and ammonia. The formation of aniline from cinnamic acid 
leaves two carbons unaccounted for in the isolated products, 
bafring the unlikely possibility that they were oxidised 
to carbon dioxide.
CgH^.CH = CH.COOH
c6H5-m 2 * c°2
The phenylacetaldehyde has been suggested as being derived
from styrylamine formed via the usual mechanism for the
T3lSchmidt reaction .
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C^H^.CH = CH.COOH ---- ? CgH^.CH = CH.NH^  ---------. CH^, CH = NH
1 H2°
C/-H„ . CH0 . CHO + .NEL
[94] 6 5 2  *3
Dittraer, Silverstein and Lempka repeated the work in
an attempt to isolate the two carbon fragment but were 
unsuccessful. They did, however, investigate the Schmidt 
reaction of 3-[yd-methoxyphenyl]- 2-phenylacrylic acid because 
in this acid an eight-carbon fragmentf(-CH = C.C^Hg.-) 
corresponds to the two-carbon one (-CH = CH-) in cinnamic 
acid. They reported that the reaction of this substituted 
acrylic acid with hydrazoic acid gave phenylacetaldehyde, 
an eight carbon compound, which could have come from the 
cinnamic acid side chain. Other products obtained were 
-anisidine and ^?-methoxybenzyiphenyl ketone.
£ - CH O.C^H^.CH = C. (CgH^.COOH
i  1  r
CHjO.CgH^NHg HCO.CH2.CgH5 COg
3W» 35%
The average yields of the JP-anisidine and phenyl­
acetaldehyde were reported as being of the same order.
The formation of -methoxybenzylphenylketone was explained 
in a similar manner to that given for the formation of
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phenylacetaldehyde from the reactinn of cinnamic acid itself,
HN
<0 -0 ^ 0 . CgH^.CH = C(C6H5 ).CC2H  ^~CH O.CgH^.CHsCtCgH )NH2
H2S04 j,N
0 i !if H O \J :
CH30, C6HZt. CH2. C, C ^  4^- ^-0^0. CgK^, CKg . C( C ^  ) =NH
6% + NH3
The other products obtained from 3-[^2-ini©tlioxyphenyl] —2- 
phenylacrylic acid could be produced by the addition of 
hydrasoic acid to the carbon-carbon double bond, followed by 
loss of nitrogen and rearrangement of the yp -methoxyphenyl 
group to positive nitrogen. If this were the case the 
missing two-carbon fragment from cinnamic acid would be 
predicted to be acetaldehyde 'which could be polymerised in*, 
the strong acid used for the reaction. The mechanism put 
forward was:-
H
Ar.CH = C. (C^H,_). COOH ArCH. CH. (CgH ) * COOH
d
! HN,
-N 1 ,/
Ar.CH. CH. (CrH ) . COOK <---2 ArCH. CH. (C/-H-) • COOH
i 6 5 I 6 5
1 | !®
NH ! Hffl0
€• I Ar: - 2
NJ/ || Q
Ar.NH."CH, CH( C^H_ ) . COOH ■ -2—  > Ar.NH. CH. OH. CH. (C^-H-) COOH
6 5 i r 6 5
Ar.NH0 + ' HC.CH. (CrIi_).COOK
2  j i o p
6
;> HC. CH0 . C/-H_
; j 2  0  5
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It was not known when the decarboxylation step occurred 
and could have occurred earlier than shown. The authors 
also considered that an azide could have been a transient 
intermediate in the reaction.
The reaction of cinnamylideneacetic acid with 
hydrazoic acid was also studied and in this case the 
reported products were aniline, benzaldehyde, nitrogen and 
carbon dioxide.
H N
0 , 1-1 - .  C H = C H .  C H = C H .  C O O H   ^  C , H e . N H 0 + C , H e .  C H 0 + C Q o + M o
6 5 H2s o4 6 5  2 6 5  2 2
6% 13%
These products were explained by a mechanism involving
addition of hydrazoic acid to an olefinic double bond followed
by migration of alkyl or aryl groups.
H N
C v - H - .  C H = C H .  C H = C H .  C O O H  -  4 - >  C , H - .  C H .  C H 0 .  C H = C B .  C O O H
6 5 H+> o 5 i 2
- N 2  N H
C , H _  -  i ; 0 H o . C H = C H . C O O H
b 5 !
H 2°
CgH . m 2+0HC. CH2. CH=CH. COOH
h 2°
CgH .CH0+H2N.CHg.CH=CH.COOH
No explanation was given for the lack of evidence concerning 
the other products.
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 ^Th.e expected product from the Schmidt reaction of 
a vinyl acid is a vinylamine which would be tautomeric with 
the ketimine and the latter would be rapidly hydrolysed to 
a ket.o>AG.
! f s  1 \  i
C = C - COOH --- > C = C - NH0 --- ) CH - C = Mi
j I ^  ^  ,
V  '^ C H  * C = 0 + NH^ 
Therefore the Schmidt reaction of acrylic acid 
should produce acetaldehyde and ammonia. Acetaldehyde, 
a steam volatile carbonyl compound, would be expected to 
be found as a product from the acid distillation of the 
aqueous reaction mixture, but, in all the reactions 
investigated, there was no trace of any carbonyl compounds 
in carbonyl distillate I. This indicates that the normal 
Schmidt reaction is not taking place on these compounds.
The N.M.R. evidence obtained from the azides of these 
compounds indicate clearly that the azido group is attached 
to the |3-carbon atom, which means that there is the 
possibility of the usual decomposition of a {3-azido taking 
place, which involves migration of hydrogen or the electron 
withdrawing group from bonding with carbon to bonding with 
nitrogen.
HCHO
None of the carbonyl compounds expected from these mechanisms
were found and also there is no evidence that a mechanism
T941similar to that of Dittmer, Silverstein and Lempka could
account for the products obtained.
r q c 1
The mechanism of Donald and Marks (see page 4? ) 
can best, explain the products. Although it is not possible 
to know -where the hydrolysis of the nitrile or the esters 
occur, it is likely that, in concentrated sulphuric acid 
at least, the hydrolysis does not occur until the reaction 
mixture is poured on to ice. It is apparent now that the 
group attached to the vinyl group, be it ketone, aldehyde, 
carboxylic acid, ester or nitrile, does not affect the 
course of the reaction although if any of the hydrogens 
attached to the olefinic double bond are replaced by alkyl 
groups the mechanism no longer holds and considerable 
rearrangement takes place.
The decomposition of the azides in concentrated 
sulphuric acid gave the same products as the reactions
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of* the unsaturated compounds with hydrazoic acid, however 
attempts to decompose the azides in concentrated hydrochloric 
acid for three days at 40° were unsuccessful. Hydrazoic 
acid was detected when the aqueous reaction mixture was 
distilled and it is possible that the first stage of the
r 8 6 1mechanism of Marks and Donald1* is a reversible one, and, 
although normally the
CH =CHCO H+HN -----  ^CH -CH CO H -- * CH -CH-CQ H --
 ^ | \' /
N >
J J' +N
H H
equilibrium would be biased towards the azide, becuase of 
the obvious stability of these azides towards concentrated 
hydrochloric acid, there would, after three days, be a 
substantial amount of the reverse reaction taking place.
The reactions of the unsaturated compounds in hydrochloric 
acid were characterised by the low yields of products, in 
the region 10-14%, and it is possible that, when the azide 
is present in substantial amounts compared to that expected 
when it is only there as an intermediate, the reverse 
reaction of the equilibrium takes place faster than the 
acid-catalysed decomposition of the azide.
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THE PREPARATION AND DECOMPOSITION OF ETHYL 
AZIRIDINE-2-CARBOXTLATE
Ethyl aziridine-2-carboxylate was first prepared
r 9 5 ]by Gundermann and Holtmann in 1957 from methyl 2-chloro-
acrylaie. The same method was used to prepare the ethyl 
aziridine-2-carfeoxylate and the methyl 2-chloroacrylate was
r 9 6 1
prepared by the Eiethod of Marvel et al. . The reaction 
scheme is as follows:-
CH2 = CH.C02CH3  CHp-CH-COpCH^ -— ^ 4  CHp = C - C0p.CH
(I) Cl Cl (II) Cl (III)
CHn - CH - CO H CH_ - CH - C0_.CoH c — — —>
iZ i | £Zj  4  | (Za
(c) v NH2 .HC1 Cl (IV) NH2.Hc1 Cl (V)
CH- - CH - C0o.C-H_ \ 2 / 2 2 5
N
1
H (VI)
Methyl 2 ,3-dichloropropionate(II) was prepared from 
methyl acrylate(I) in good yield (83.8%) by bubbling dry
chlorine gas through a methanolic solution of the methyl
oacrylate, kept below 40 , for seven hours. The methyl 2, 3 
dichloropropionate(II) was then heated with quinoline;
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hydrogen chloride was eliminated and there was obtained 
methyl 2-chloroacrylate(III), again in good yield (88.5%)* 
The boiling points of both the methyl 2 ,3-dichloro- 
propionate and the methyl 2-chloroacrylate were in close
1*961
agreement with those reported by Marvel et al. for those
compounds. fThe methyl 2-chloroacrylate was converted 
into 2-chloro-3~aminoprapionic acid(IV) by the preparation 
of its phthaliaido derivative and subsequent hydrolysis of 
the latter with hydrochloric acid. The 2-chloro-3-nmino- 
propionic acid, plates from propan-2-ol, was obtained in 
good yield and had m.p. in close agreement with that
[95]reported for this compound by Gundermann and Holtmann . 
Ethyl 2-chloro-3-&minopropionate(V), obtained by esterifica- 
tion of the acid, was heated with a dry ethanolic solution 
of triethanolamine and after fractionation of the reaction 
mixture there was obtained the ethyl aziridine-2-carboxylate 
(VI) in low yield (30.9%), its boiling point was identical 
to that reported for this compound by Gundermann and 
Ho 1 tmann ^  ^ ^ .
Both the N.M.R. and infrared spectra of the ethyl 
aziridine-2-carboxylate were obtained. The infrared 
spectrum was similar to that given b y .Gundermann and
F I G U R E  k
-p
CO
-P
IN
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rorl —1
Holtmann in their paper, having a band at 3000cm ,
-1characteristic of* the -NH group and one at 1720cm ,
assigned to the carbonyl group of the carboxylic ester.
The N.M.R. spectra showed a quartet centred at 5.3T (?Hz) 
and a triplet at 8 „6t (7Hz), assigned to the ethyl group 
of the ester and two broad bands at 7 .6t and 8.2T 
respectively. The integration revealed that those 
consisted of one and two protons respectively and were ass­
igned to the proton attached to carbon (2) and the protons 
attached to carbon (3) respectively. Comparison of the 
spectrum obtained for the aziridine with that of ethyleneiml: 
revealed similar broad bands for these protons in 
ethyleneimine itself.
The Decomposition of Ethyl Aziridine-2-Carboxylate in 
Concentrated Hydrochloric Acid 
The freshly prepared ethyl aziridine-2-carboxylate 
was added, dropwise, over 30 minutes to concentrated 
hydrochloric acid, stirred and surrounded by a water bath 
at ^0°. The stirring was continued for a further 18 hours 
when the mixture was poured on to ice water. The treatment 
of the aqueous reaction mixture was as described on page 6i
The base-hydrochloride was identified as ammonium 
chloride by its infrared spectrum which was identical to 
that of an authentic sample of ammonium chloride. The 
only other product obtained was pyruvic acid, identified 
by the preparation from it of its 2 , 4-dinitrophen3rl hydrazon
The Decomposition of Ethyl Aziridine-2-Carboxylate 
in Concentrated Sulphuric Acid
Attempts to decompose the ethyl aziridine-2-carboxy~ 
late in concentrated sulphuric acid by the method outlined 
above were unsuccessful and no products, similar to those 
described above, were isolated.
Discussion of the Decomposition of Ethyl Agiridi.ne-
2-Carb oxyla t e
r s6]The mechanism of Marks and Dnnald suggests a
protonated aziridine intermediate which then undergoes 
rearrangement to give a protonated ketimine. The only 
other known example of this sort of rearrangement is that
rogi
of Deutsch and Fanta (see page 49 ) who obtained
isobutyraldehyde and ph&nylthiourea, together with some
2-anilino-5, 5-dimethyl«-2‘»thiazoline, after heating.
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2 ,2-dimethyl-l-(N-phenylthiocarbarayl)-aziridine with 
concentrated hydrochloric acid for 18 hours.
f O c *1
Gundermann et al. have reacted 2~chloro-3~
aminopropionic acid and 3~chloro-2-aminopropionic acid with 
hydrochloric acid (6N) and have obtained identical products, 
namely of DL-serin and DL-isoserin.
2
NH
C - CH 
I !
Cl
CO H2
2
H2C - CH - CC2,
OH NH,
83%
C - CH - CO«H
/Cl
\L 2
,C - CH
' \ /
C0oH2 !
\
[ C - CH - C02H
nh2 oh fpH6.100°)
17%
[95]Gundermann and Holtmannt‘/'/J , in a later paper, isolated 
ethyl aziridine-2-carboxylate and reacted this with hydro­
chloric acid (6N) and the products ware reported as a mixture 
of ethyl 2-chloro-3~aminopropionate hydrochloride (58%) and 
ethyl 3-chloro-2-aminopropionate hydrochloride 42%)
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LC - CH - C0_. C H_ KC1- H„C - CH - CO .C H
2 \ j 2 2 5 |
v  H0N.HC1 Cl
II
2
+
H0C - CH - C0o.C0H„ h2%d | .
Cl NH..HC12
attempts were made to decompose the aziridine
in concentrated hydrochloric acid.
As reported the only products isolated from the
decomposition of the aziridine in concentrated hydrochloric
acid were pyruvic acid and ammonia both in low yield; these
products being expected by Marks and Donald*s mechanism
H H
j ]
Ho0 - CH - C0o. CnH_ —  > H  - C°C c - C0o.CoHc
£ * \  / C a C a 5  y — “  C i
\ / '
CH3 - 9 - CV C2H5 CH3CO-CV C2H5 +
A
H H CH^.C0.C02H
Xt would seem that when the reactions are carried 
out in concentrated hydrochloric acid, the proposed aziridine 
intermediate is the most likely route for the reaction to
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proceed by. However, the lack of similar products for 
the decomposition of the aziridine in concentrated sulphuric 
acid, indicates that an alternate mechanism might be needed 
for this series of reactions although there is insufficient 
evidence to justify any particular alternate path;
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- THE REACTION OF MALEIC ANHYDRIDE WITH 
HYDRAZOIC ACID IN CONCENTRATED HYDROCHLORIC ACID
To sodium azide, in concentrated hydrochloric acid, 
stirred and surrounded by a water bath at 40°, was added 
maleic anhydride, portionwise, over a period of 30 minutes.
The reaction was stirred for a further 17-J hours, when the 
reaction mixture was poured on to ice-water. The product 
was then filtered and the treatment of the filtrate was 
as previously described (page 6l ).
The solid obtained from filtration of the aqueous 
reaction mixture was identified as fumaric acid. The base- 
hydrochloride obtained was identified as ammonium chloride 
by the preparation from if of benzamide. Carbonyl fraction(X) 
yielded a small amount of glyoxal, identified by the 
preparation from it of its _bis-2,4-dinitrophenylhydrazone.
The only other product obtained was pyruvic acid also 
identified by the preparation from it of its 2,4-dinitro- 
phenylhydrazone.
Attempts to prepare an azide from maleic anhydride 
by a method similar to that of B o y e r ^ ^  were unsuccessful.
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The reaction of anhydrides with hydrazoic acid 
has received some attention in the literature. The Schmidt 
reaction of acetic anhydride is reported to give methylamine 
in high yield (85%)^'*^. Caronna^^ has reported the 
formation of isatoic anhydride, Tbenzimidazolone and 
anthranilic acid from the Schmidt reaction of phthalic 
anhydride
-'V\
V -
'-v
O  -4- HN
Cn
if
H
'xM h
:o
The Schmidt reaction of 3-nitrophthalic anhydride
r 9 9 1has also been studied by Carolina and the products obtained
were 3-ziitroisatoic acid, 5-^it^ophenylurea and 2-amino-3-
nitrobenzoic acid.
Maffei and Bettinetti^^^ claimed to have prepared
monofumaric acid azide from the reaction of maleic anhydride
with hydrazoic acid in dry ether but they did not attempt
a similar reaction in the presence of strong mineral acids.
If the reaction of maleic anhydride with hydrazoic
. *
acid in concentrated hydrochloric acid underwent a similar 
path to that already found for acrylic acid, etc. the equation
-  9^
of the reaction could toe represented thus: -
CH -
tl
CH -
CO
c ?
H ' 0i !
C - C ,^!
C - C^
1 it
H 0
0
l
= C - C
I X{1
- C -j c y1i
H
}1
0
xm 0 CK_ — CO
0  >-2 1. ! ^  >^ 0
N^-CH - CO
H 0
k II
H — — C \  k  Y ) vW | ^0  $ ® .NT / X  O
------  ‘ ^  X C^ - C
H 0
0 Ti $
 x 0 = c — c <
 ,0 j >  + NH,
 J H - C - C  — 4 CH0-C ^/ 1 ^ 2 *{
0
The products of the reaction toeing oxalacetic 
anhydride and ammonia. In 191^ £ Bourgault^*^"^ obtained 
phenyl hydroxymaleic^mhydride(I), the enol form of 
phenyloxalacetic anhydride(II) toy the reaction of concentra­
ted sulphuric acid on a-cyanopyruvic acid.
Cz-Hg. ~ C ~ CO C^ Hg. ~ CH - CO
6 5 i \  _______  ^ 6 5 | \
| ^  T   | / 0
HO - C - CO CO - CO
(I) (II)
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JMore recent work by S c h r e i b e r j ^ g  investi­
gated a series of alkyl oxalaceticykcid anhydrides and 
especially the products obtained from hydrolysis of these 
compounds. In all cases the hydrolysis of the alkyl 
oxalacetic acid anhydrides gave a substituted pyruvic 
acid and carbon dioxide.
R - CH - CO
^>0 + H20 -- > R.CH2.C0.C02H + C02
CO - CO
R = C4H9» C8H17’ C1%H29* CH3’
C6H 13’ C10H21* Cl6H33-
The product expected from our reaction (R = H) was 
not obtained and attempts to prepare this compound by the 
reaction of succinic anhydride with selenium dioxide were 
unsuccessful. However, if the parent oxalacetic acid 
anhydride undergoes a hydrolysis similar to that given above, 
then the expected products from the reaction would be 
pyruvic acid and ammonia.
It is also possible to explain the formation of the 
products which were isolated by the more usual decomposition
-  96
of an azide
ch - co m  ch2 - co ® ch2 - CO
^  <& 1 ^
CH - CO N- .'CH- CO NH0 = C - CO3 2
2
h 9o
CH-COCO 0H + NH,'""3 2 . fc
The fumaric acid obtained in the reaction can be 
expected from the breakdown of maleic anhydride in 
concentrated hydrochloric acid, and the ammonia and pyruvic 
acid obtained is in accord with either of the explanations 
given above. However, the presence of a small amount 
of glyoxal cannot easily be explained by either of the 
mechanisms given above and unfortunately there is 
insufficient other evidence to explain its presence.
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DISCUSSION OF THE REACTION OF VINYL ACETATE WITH 
HYDRAZOIC ACID IN THE PRESENCE OF AQUEOUS ACETIC 
ACID AND CONCENTRATED HYDROCHLORIC ACID
The Reaction in Concentrated Hydrochloric Acid
A preliminary investigation was made of the 
reaction of vinyl acetate with hydrazoic acid in the 
presence of concentrated hydrochloric acid. The reaction 
was carried out by adding the vinyl acetate, dropwise 
over a .period of 1 hour, to a stirred solution of sodium 
azide in concentrated hydrochloric acid, surrounded by a 
water bath at 40°. - The reaction mixture was allowed to
stir for a further 18- hours when it was poured on to ice 
water. The treatment of the product was as described on 
page 61 . The distillate obtained from the acid
distillation was divided in two; to one half was added Brady*s 
reagent and the other was neutralised and evaporated to 
dryness. The reaction with Brady*s reagent gave no product, 
but sodium acetate, identified by the preparation of the 
S-benzylthiouronium derivative of the free acid, was 
obtained as the product of the evaporation. The base- 
hydrochloride obtained was identified as ammonium chloride
by the preparation f£*om It of benzanidec The electronic 
forces acting on vinyl acetate are such that if it is 
assumed that the hydrazoic acid adds across the olefinic 
double bond, then the azido group would add to the oc~carbon 
atom rather than to the (3-carbon atom* In this case the 
decomposition of the a-azido- intermediate might be expected 
to follow a route similar to that described previously
r 6 9 1by Arcus and Mesley ' .
■5 * ‘ H ‘CK0=CH„ 0 . CC«, CH0  ^— 4 CH_- C.O.CQ.CH- -2— 4 CH0-C.0 .CO.CEL+N
<5 9 J  J jJ j  j  tdi
H
HpO -.+ 0
—  ) CH^.CO.O.CO.CH^+NH^   2CH^.CO^H+NH^
Such a reaction path leads to the products obtained.
In order to discover whether, or not, the oc-azido- 
compound was an intermediate in this reaction, attempts were 
made to prepare the azide in aqueous acetic acid.
The Reaction in Aqueous Acetic Acid
The reaction was carried out by adding an excess 
of sodium azide to a solution of vinyl acetate in aqueous 
acetic acid, surrounded by-a water bath at 40°; the reaction
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mixture was allowed to stand in the hath for 3 days, and 
the product was isolated by extraction with ether and 
subsequent removal of the solvent from the washed and dried 
solutions by distillation at reduced pressure. After 
removal of the ether there remained a colourless solid, 
needles from petroleum ether (b.p. 40-60°) m.p. 47-47.5°.
The infrared spectrum of the solid was obtained as 
a Nujol mull and showed a strong absorption at 2,150cm 
characteristic of the azido group, a peak at 3,400cm 
assigned to the NH stretching frequency and also peaks 
attributable to an ester function.
The N.M.R. spectrum of the solid was obtained in 
a variety of solvents, deuterochloroform, carbon tetrachloride, 
benzene and deuterium oxide and, except for the case of 
deuterium oxide, the essential features were similar. The 
spectrum consisted of two sharp singlets, their positions 
varying with solvent, at 7.IT and 7.18T in carbon tetrachloride, 
7.65T and 7.72T in benzene and 7.12T and 7.21T in 
deuterochloroform and a broad singlet at 3.85T in carbon- 
tetrachloride, 5.4t in benzene and 4.7T in deuterochloroform.
In deuterium oxide the two singlets collapsed to form a 
singlet at 7.3T and the broad singlet disappeared. The
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integration revealed that the two sharp singlets contained three 
protons each, and these were assigned to the two methyl 
groups of the compound, and that the broad band corresponded 
to the presence of two protons and, in conjunction with the 
infrared spectrum, it was concluded that there were two 
NH groups present.
At this stage it was apparent that the product from 
the reaction was not the simple OG-azido compound which was 
expected. Such a compound would be expected to exhibit 
a singlef three proton single, a doublet three proton single 
and a quartet one proton single.
The analysis of this compound was carried out by 
Alfred Bernhardt, May and Baker Microanalytical Department, 
and Imperial College Microanalytical Department (nitrogen 
only), but in all cases there was a variable nitrogen 
analysis. However, the analysis figures for carbon and 
hydrogen were consistent one with the other, and if one 
assumes that the unknown compound still has four carbon 
atoms the mostlikely formula for it is C^HgNgO^ which 
requires C,24.Q; H,4.0 and N,56.0% and the analysis figures 
obtained gave C, 24.3%; H, 4.1096; and N between 41.696 and
r 122150.6% (Sidgwick states that many compounds with a large
~ 103 -
number of nitrogen atoms present are difficult to analyse 
because of their instability).
A mass spectrum of the compound was obtained both 
in an attempt to confirm a molecular weight of 200 as 
indicated above and also to provide more information about 
the nature of the compound. The mass spectrum gave a 
peak (p) at 101 and the ratios of p : p + 1 and p + 1 : p + 2 
were calculated. The spectrum was transparent above a 
mass of 103. The ratios obtained corresponded to the
r 1 2 3  *1entity having a formula C^H^NO^ and the breakdown
patterns obtained were in agreement with this.
Formula Indicated: C,'4 7 2
Proposed Structure: CHL.C.0.C0.CH,
3 II
Breakdown Pattern:
Mass « 101 
100 
70 
58
57
58 
43
42
28
43: loss of CHg.CO
15: loss of NH of CH,
15: loss of NH or 
Residue of N_
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An attempt was made to obtain the molecular weight
of the compound, in chloroform solution, using a vapour
pressure osmometer; this method gave an indicated molecular
wt. of 114 which implies that the compound is partially
dissociated in chloroform. As the N.M.R. spectrum obtained
in deuterochloroform is broadly similar to those obtained
in benzene and carbon tetrachloride it is concluded that the
compound must be dissociated in these solvents also.
ri24]Closson and Gray have measured the ultraviolet
spectra of a number of azides in a variety of solvents and 
report an absorbance at 287 mp (s^2=*24) and 215m|i 
(e^= 400-600) for these compounds, however the ultraviolet 
spectrum obtained for this compound in aqueous solution had 
no peaks at either of these wavelengths, but showed weak 
absorption at 265mp (shoulder) and strong absorption at 
220mp (shoulder, E = 9-45x10 ).
As a final test the solid was dissolved in wafer 
and silver nitrate was added, no precipitate was formed 
whereas sodium azide in the presence of silver nitrate 
gave an immediate white precipitate. This test showed 
that the compound wasnot a simple azide salt. The slow 
forEiation of silver azide on gentle warming indicates the 
presence of ah alkyl azide*
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Although an exhaustive physical study of* the 
compound has been made it is still not possible to assign, 
conclusively, a structure to it. However, from the 
evidence obtained it is thought that one possible structure 
could be:-
i3
CH^ - C - 0.C0.CH3
,N
' \
H - N N - H
4 4
Nsassa N
This is in agreement with the molecular formula, C^HgNgO^, 
as derived above.
Aryl pentazoles have been prepared by Huisgen and
r 1 2 5 1co-workers * diazonium salts react with lithium azide
to form arene diazoazides, these largely break down to
aryl azides and nitrogen but can also give aryl pentazoles
which readily decompose to aryl azides and nitrogen.
= N
7 _Ph - N %T '
<35 (+) | S
PhNSE-N + N 0 -- > P h - N = N - N = N = N
3 i ® a
i.------i, Ph - N - N*«N + N„
No record is made in the literature of dihydroxoentazoles.
Why the compound dissociates in organic solvents, 
and what fragments if gives is not clear. The compound
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may be recovered in good yield from chloroform and gives 
no indication of the presence of azide ions when dissolved in 
water in the cold, but does so on warming.
It-is clear that interaction between vinyl acetate 
and hydrazoic acid in the presence of hydrochloric acid 
gives appreciable quantities of ammonia and acetic acid.
In the presence of aqueous acetic acid vinyl acetate reacts 
with hydrazoic acid to give a colourless crystalline 
solid, believed to be C^HgNgQ^ and this decomposes in 
concentrated hydrochloric acid to give nitrogen, ammonia 
and acetic acid. It is possible that the "dihydropentazole" 
is an intermediate compound in the reaction of vinyl acetate 
with hydrazoic acid In the presence of hydrochloric acid.
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TABLE 1
The Reaction of Acrolein, Ethyl Vinyl Ketone and 
Trans-3-niethylpent-3“ene-2-one with Hydrazoic Acid 
in Concentrated Hydrochloric Acid.
Carbonyl compound
n 1 , ,
Products isolated
.
Acrolein Pyruvic aldehyde [(i) 32.8 
(ii) 32.2%]
Ammonia [(i) 34.9 (ii) 37.2%]
Ethyl vinyl ketone
'
.
2 ,3-pentandione [(I) 49.9
(ii) 47.9°/o]
.
Ammonia [(i) 47.9 (ii) 48.5%]
- - -  - - ■ _ _ _ _ _ _ -. . . . — 4
Trans-3-iaethylpent-
3-ene-2-one'
A mixture of carbonyl compounds
Ammonia [(i) 47.9% (ii) 47.5%]
_
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TABLE 2
The Preparation of* the Azides of Acrolein, 
Ethyl Vinyl Ketone and Trans-3-methylpent- 
3-ene-2-one in Acetic Acid.
Carbonyl compound Azide obtained
Acrolein.. 3-Azidopropionaldehyde
[(i) 61.5 (ii) 69.1]
Ethyl vinyl ketone l-Azidopentan-3-one 
[(i) 75.5 (ii) 88.0%]
Trans-3-me thyIp ent- 
3-ene-2-one
1
An azide mixture [(i) 3.1g.
(ii) 4.0g.]
1 ...
TABLE 3
The Decomposition of* 3~Azidopropionaldehyde, 
l-Azidopentan-3-one and the Azide Mixture Obtained 
from Trans-3-raethylpent-e-ene-2-oiie in Concentrated 
Hydrochloric Acid.
]
Azide Products Isolated
3-Asidopropionaldehyde Pyruvic aldehyde [(i) 20.7 
(ii) 21.4%]
Ammonia [(i) 44*2 (ii) 38.0%]
l-AzidoiDentan~3“0^© 2 , 3-Pentand!one [(i) 57,5 
(ii) 66.3%]
Ammonia [(i) 73.6 (ii) 76.2%]
Azide mixture obtained 
from trans-3-methyl- 
pent-3~©2ie-2-one
A mixture of carbonyl 
compounds.
Ammonia [(i) 0.62g. (ii) 0.83g.]
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TABLE 4
The Reaction of* Acrylic Acid, Methyl Acrylate, 
Ethyl Acrylate and Acrylonitrile with Hydrazoic 
Acid in Acids.
Compound Products isolated
Acrylic acid Concentrated hydrochloric acid: 
Pyruvic acid [(i) 9.5 (ii) 12.1%] 
Ammonia [(i) 14.4 (ii) l4,6%] 
Concentrated sulphuric acid
j
Pyruvic acid [(i) 29.8 (ii) 31.4%] , 
Ammonia [(i) 45.4 (ii) 44.5%]
Methyl acrylate Concentrated hydrochloric acid: . 
Pyruvic acid [(i) 14.5 (ii) 13.8%]
Ammonia [(i) 21.8 (ii) 28.9%] 
Concentrated sulphuric acid:
Pyruvic acid [(i) 31.6 (ii) 30.0%] 
Ammonia [(i) 41.5 (ii) 38.0%]
Ethyl acrylate Concentrated hydrochloric acid: 
Pyruvic acid [(i) 13.2 (ii) 13.5%] 
Ammonia [(i) 31.5 (ii) 28.2%]
Concentrated sulphuric acid:
Pyruvic acid [(i) 34.5 (ii) 34.0%] 
Ammonia [(i) 57.0 (ii) 55.8%]
Acrylonitrile Concentrated hydrochloric acid: 
Pyruvic acid [(i) 5.2 (ii) 7.3%] 
Ammonia [35.8 (ii) 52.8%]* 
Concentrated sulphuric acid:
Pyruvic acid [(i) 36.7 (ii) 34.8%] 
Ammonia [(i) 87.1 (ii) S3.0%]x
X In the yield of* ammonia no correction has been made 
for the ammonia produced by the hydrolysis of the nitrile 
to the carboxylie acid.
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Table 5
The Preparation of the Azides of Acrylic Acid, 
Methyl Acrylate, Ethyl Acrylate and Acrylo­
nitrile in Acetic Acid.
Compound Azide obtained
Acrylic Acid 3-Azidopropinnic acid [(i) 23.4
i
(ii) 25.8%]
Methyl Acrylate Methyl 3-azidopropionate 
[(i) 29.4 (ii) 28.8%]
Ethyl Acrylate Ethyl 3-azidopropionate 
[(i) 40.0 (ii) 39.2%]
Acrylonitrile 3-Azidopropionitrile [(i) 4.55 
(ii) 6 .15%]
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TABLE 6
The Decomposition of 3-Azidopropionic acid, Methyl
3-Azidopropionate, Ethyl 3-Azidopropionate and
3-Azidopropionitrile in Concentrated Hydrochloric 
Acid and Concentrated Sulphuric Acid.
Azide Products isolated
3-Azidopropionic acid
j
Concentrated hydrochloric acid: 
3-Azidopropionic acid [(i) 70.0 
(ii) 6?.4%]
Concentrated sulphuric acid:
Pyruvic acid [(i) 68.6 (ii) 71.5%] 
Ammonia [(i) 65.X (ii) 68.0%]
Methyl 3-&zidopropionat 5 Concentrated hydrochloric acid: 
3-Azidopropionic acid [(i) 63.5 
(ii) 74.5%]
Concentrated sulphuric acid:
Pyruvic acid [(i) 68..8 (ii) 73.5%] 
Ammonia [(i) 89*6 (ii) 90.0%]
Ethyl 3-&zidopropionate: Concentrated hydrochloric acid: 
3-Azidopropionic acid [(i) 77.1 
(ii) 74.5%]
Concentrated sulphuric acid:
Pyruvic acid [(i) 65.0 (ii) 63.9%] 
Ammonia [(i) 74.9 (ii) 75.5%]
3-azidopropionitrile Concentrated hydrochloric acid: 
3-Azidopropionic acid [(i) 68.6
(ii) 67.3%]
Concentrated sulphuric acid:
Pyruvic acid [(i) 66.5 (ii) 84.2%] 
Ammonia [(i) 94.0 (ii) 136.2%]K
Xn the yield of ammonia no correction has been made for 
the ammonia produced by the hydrolysis of the nitrile to 
the carboxylic acid.
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THE EXPERIMENTAL SECTION
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EXPERIMENTAL SECTION
All a.p.'s are uncorrected. Where duplicate 
experiments.were performed the results of each experiment 
are distinguished by the prefixes (i) and (ii). The 
polyphosphoric acid (P2°5 content 82.5%) was prepared by 
adding phosphorus pentoxide to phosphoric acid with heating 
and stirring. The hydrochloric acid had s.g. 1.18. The 
infrared spectra were carried out by the author on a 
Perkin-Elmer Xnfracord 137 or a Unicam S.P.200. The nuclear 
magnetic resonance (N.M.R.) spectra were performed by 
Mr. J.A. Bloxidge on a Perkin-Elmer RIO spectrometer. The 
spectra are reported as T, integral, multiplicity, coupling 
in Hz and solvent. The analyses were carried out by 
Dr. A. Bernhardt, Mulheim (Ruhr), Germany. Gas-liquid 
chromatographic analyses are,'reported as length of column,
% stationary phase, packing material, mesh size, carrier gas, 
temperature, number of peaks and retention times (where 
applicable).
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The Purification of Acrolein and Ethyl Vinyl Ketone
Acrolein and ethyl vinyl ketone were commercially
available and were distilled prior to use.
Acrolein had b.p. 52-53° (Wohlk^^^ reports b.p.
52-52.5° for acrolein). It was then stabilised with
hydroquinone (0.05%) to prevent polymerisation. It gave
oa ■semicarbazone, needles from ethanol, m.p. 170-171
r ^ c "i ^
(V. Auwers and Eeinke report m.p. 171 for acrolein
semicarbazone).
Ethyl vinyl ketone had b.p. 38°/60m.m. (Blaise and
Maijro^^^ report b.p. 31°/47m.m. for ethyl vinyl ketone).
It gave an aniline adduct, needles from ethanol, m.p. 57-58°
(McMahon et al. report m.p. 56.5-57° for this compound).
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THE REACTIONS OF ACROLEIN AND ETHYL VINYL KETONE 
WITH HYDRAZOIC ACID IN CONCENTRATED HYDROCHLORIC ACID
(The standard conditions described below were used for both 
compounds. Duplicate experiments were performed.)
To sodium azide (9.10g„, 0.150 mole) in concentrated 
hydrochloric acid (60ml.), stirred and surrounded by a water 
bath at 25°(+l°), was added the ketone (0.10 mole), dropwise, 
over a period of 1 hour. The reaction was then allowed to. 
continue for a further 2 hours; the product was then poured 
on to ice water (600ml„).
The Isolation of the Products
The solution from above was extracted with chloroform 
(1x50ml«| 2x25ml.), the combined chloroform extracts were 
washed with aqueous sodium carbonate, dried (Ha^SO^) and the 
solvent was removed at reduced pressure| there remained an 
oil (Residue I). The aqueous solution, following chloroform 
extraction, was distilled until portions of the distillate ■ 
(Distillate II) no longer gave a precipitate with Brady1s 
reagent. The distillation residues were cooled, made 
strongly alkaline with aqueous sodium hydroxide and were
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then distilled into hydrochloric acid (1 :1 ; 10ml.) until 
portions of. the distillate (Distillate III) were no longer 
alkaline.
Distillate III, in hydrochloric acid, was distilled 
collecting.the distillate (Distillate IV) until it no 
longer gave a xsrecipitate with Brady1 s reagent. Distilla-j
tion was continued until only a small volume of residues 
remained. The latter was evaporated to dryness on a steam 
bath. The product was a solid base hydrochloride 
(Residue V). Distillates II and IV were both treated 
with Brady*s reagent until precipitation was complete.
The precipitates (Precipitates VI and VII) were filtered 
off and dried.
The Reaction of Acrolein
Residue I An intractable brown oil [(i) 0.12g. (ii) 0.23g*] 
(not further identified).
Residue V A brownish/white solid. This was ground under 
ethanol, the mixture was filtered, and the residue was 
washed with ethanol. The solid, ammonium chloride 
[(i) 1 .8?g. (3^.9%)(ii) 1.99g. (37*2%)] was identified by
the preparation from it of benzamide which had m.p. 125-126°
- 118 -
alone and when mixed with an authentic sample of* the same m.p. 
The infrared spectrum of the benzoylated sample and that of 
the authentic sample were identical.
Precipitate.VI A red solid. This was identified as 
pyruvic aldehyde bis-2 ,4-dinitrophenylhydrazone [(i) l4.2g. 
(32.8%) (ii) 13.9g. (32.2%)]. After three recrystallisa­
tions from nitrobenzene the compound had m.p. 298-299° alone 
and when mixed with an authentic sample of the same m.p. 
(Hadley et al.^y^^ report m.p. 298-300° for pyruvic 
aldehyde bis-2 ,4-dinitrophenylhydrazone).
Precipitate VII - None.
The Reaction of Ethyl Vinyl Ketone
Residue 1 An intractable brown oil [(i) 0.32g. (ii) 0.37g.] 
(Not further identified)
Residue V A brownish/white solid. This was ground under 
ethanol; the mixture was filtered, and the residue was 
washed with ethanol. There remained a white solid, 
ammonium chloride [(i) 2.65g. (47.9%) (ii) 2.60g. (48.5%)]
- 1X9 -
which was identified by the preparation from if of benzaraide 
of m.p. 126-127° alone and when mixed with an authentic 
sample.
Precipitate VI A red solid. This was identified as
2 ,3-pentandione bis-2 ,4-dinitrophenyhydrazone [(i) 23.Og.
j 1
(49.9%) (ii) 20.21g. (47.9%)]. After three recrystallisa­
tions from aqueous dioxan the 2 ,4-dinitrophenylhydrazone 
had m.p. 270-271° alone and when mixed with an authentic 
sample. (Hickinbottom et al. ^•*‘<~59] report m.p. 274° and 
Jones et al. report m.p. 280-281° for 2,3-pentandione
bis-2 ,4-dinitrophenylhydrazone.
Precipitate VII - None.
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THE PREPARATION OF THE AZIDES DERIVED FROM ACROLEIN AND
ETHYL VINYL KETONE 
(Duplicate preparations were performed)
The Aside from Acrolein
To acrolein (11.2g., 0.2 mole) in acetic acid (30ml.), 
in a 250ml. flask cooled in an ice-salt mixture and fitted 
with a reflux condenser, stirrer and dropping funnel, was 
added a solution of sodium azide (19.5g., 0.3 mole) in 
water (75ml.), slowly over a period of 1 hour; a highly 
exothermic reaction occurred. After the addition was 
completed, the reaction mixture was stirred for a further 
’J- hour. The reaction mixture, which contained a green oil, 
was extracted with ether (1x50ml., 2x30ml.), the ethereal 
solution was washed with ice cold dilute aqueous sodium 
carbonate (2x50ml.), dried (MgSO.) and the solvent was
X
removed at reduced pressure. There remained 3-s.zidopropion- 
aldehyde [(i) 12.19g. (61.5%) (ii) 13.70g. (69.1%)]; it 
gave a 2 ,4-dinitrophenylhydrazone, recrystallised from 
ethanol, which had m.p. 125-126° (Foundi 0,39.9; H,3.^3;
N, 33.33. Calc, for C ^ N ^ :  0,38.71; H,3.25; N,35.13%].
T7S1 o[Boyer J reports m.p. 129-130 for 3-azidopropionaldehyde
- 121 -
2,4-dinitrophenylhydrazone)• The infrared spectrum of this
-1compound showed a peak at 2,100cm characteristic of the 
azido group.
The Azide from Ethyl Vinyl Ketone
To ethyl vinyl ketone (4.2g., 0.05 mole) in acetic
acid (20ml.) was added, slowly with stirring, sodium azide
(8.05g., 0.12 mole) in water (20ml.). The reaction was
stirred for a further l\ hours and then extracted with
ether (3^25ml.). The combined ethereal extracts were
washed with aqueous sodium carbonate until no more carbon
dioxide was evolved, dried (MgSQ^) , and the ether was removed
at reduced pressure. There remained an azide [(i) 4.79g.
(75.5%) (ii) 5 .69g. (88.0%)], l-azidopentan-3-one, which
was not further purified. It gave l-aasidopentan-»3-on®
o
semicarbazone, needles from water m.p. 92-92.5 
(Found: C,39.18; H,6.48; N,45*56. ^6^ 12^6® requires:
C,39.10; H,6 .50; N,45.60%). The infrared spectrum of the
ci -1 semicarbazone showed a peak at 2,100cm characteristic
of the azido group.
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THE DECOMPOSITION OF THE AZIDES OF ACROLEIN AND
ETHYL VINYL KETONE IN CONCENTRATED ' HYDROCHLORIC ACID 
(Duplicate experiments were performed)
3-Azidopropionaldehyde
The freshly prepared azide ((i), (ii) 4.98g.) was 
added, during 10 minutes, to concentrated hydrochloric 
acid (30ml.), stirred, and surrounded by a water bath at 
25°(<+l°)* The stirring was continued for a further 
170 minutes when the. evolution of gas had ceased. The 
mixture was poured on to ice-water (600ml,). The treatment 
of the product was as described on page 116 and the 
fractions thus isolated were dealt with as shown below.
Residue V A brownish/white solid. This was ground under 
ethanol, the residue was filtered off and washed with 
ethanol. There remained ammonium chloride [(i) l.l8g. 
(44.2%) (ii) l.Olg. (38.0%)], identified by the preparation 
from it of benzaraide which had m.p. 126-127° alone and 
when mixed with an authentic sample.
Precipitate VI A red solid. After washing the solid well 
with water and methanol there remained pyruvic aldehyde
- 123 -
bis-2 ,4-dinitrophenylhydrazone [(i) 4.46g. (20,7%) (ii) 4.64g. 
(21.4%)]. After three recrystallisations from nitrobenzene 
the bis-2 ,4-dinitrophenylhydrazone had m.p. 298-299° alone 
and when mixed with an authentic sample.
Precipitate VII - None.
l-Azidopentan-3-one
The freshly prepared azide ((i), (ii) 2.8g.) was 
added, during 10 minutes, to concentrated hydrochloric acid 
(30ml.), stirred and surrounded by a water bath at 25° (+1°)• 
The stirring was continued for a further 80 minutes when the 
evolution of gas had ceased. The mixture was poured on to 
ice-water (300ml.). The treatment of the product was as 
described on page 116 and the fractions thus isolated were 
dealt with as shown below.
Residue V A brownish/white solid. This was ground under 
ethanol, the residue was filtered off and washed with ethanol. 
There remained ammonium chloride [(i) 0.87g. (73*6%) 
(ii) 0 .90g. (7 6.2%)], identified by the preparation from it
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of* benzamide which had m.p. 126-127° alone and when mixed 
with an authentic sample.
Precipitate VI A red solid. After washing the solid well 
with water and methanol there remained 2 ,3-pentandione 
bis-2 , 4-dinitrophenylhydrazone [(i) 5.8 3 g. (57-5%)j
(ii) 6 „83go (66.5%)]. After two recrystallisations from
aqueous dioxan the bis-2 ,4-dinitrophenylhydrazone had 
o om.p. 270 -271 alone and when mixed with an authentic 
sample.
Precipitate VII - None.
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THET PREPARATION OF TRANS - 3 -METHYLPSNT~ 3 -ENE-- 2 -ONE 
(Method of Wifhey^ '*''*'^  .)
A. Preparation of 3-Methylpentan-4-01--2~one
To. freshly distilled methyl ethyl ketone (6l9g*), 
stirred well in a flask cooled in an ice-bath, was added a 
catalyst consisting of potassium hydroxide (2.7g.) dissolved 
in methanol (21ml.). A solution of freshly distilled 
acetaldehyde (91«5g.) in methyl ethyl ketone (131g.) was 
then added slowly during 1-J hours, the temperature being 
maintained between 6° and 10°. During this time, the 
alkalinity of the mixture was confirmed periodically by 
withdrawing a drop of liquid and applying if to a moistened 
plienolphthalein.paper. After this period, stirring was 
continued for a further hour when the catalyst was 
neutralised by adding finely powdered oxalic aci d (3.lg.). 
After filtering off the potassium hydroxide, the excess 
of methyl ethyl ketone was removed by distillation at 
reduced pressure up a 25cm. column packed with Fenske 
helices. The distillation residues were fractionally 
distilled, using the same column, and the fraction b.p.
r -• n “i
69-72°/l0moE2. was collected. (39&g. (83*2%) [Kyrides
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reports"b.p. 95-9^°/35^^>. for 3-methylpentan-4-ol-2-one.
Conversion of 3-Methylpentan-4-ol-2-one to Trans-3-Methyl- 
pentan-3-ene-2-one
To... 3-raethylpentan-4-c>l-2-one (262g.) was added an 
aqueous solution of hydrogen bromide (43%, 2ml.) and a few 
crystals of hydroquinone and the mixture was distilled 
slowly up a 20cm. Vigreux column. As the dehydration 
continued, a mixture of ketone and water distilled and 
separated into two layers. The distillation temperature 
rose slowly from 88 to 139 Qt which stage water ceased 
coming over. The distillation was continued and the ketone 
distilling between 139-144° was collected in a second receiver 
The aqueous layer of the first distillate was separated, 
saturated with salt and the precipitated oil (6ml.) combined 
with the upper layer from the first distillate and the 
whole of the second distillate. The combined ketonic 
Material was partially dried over a few lumps of fused 
calcium chloride for 3/4 hour and then it (202g.) was 
distilled up a 20cm« Vigreux column. After removing the 
first fraction of b.p. 88-138 , the required ketone
rr 12? «
distilled a qqlqurlegg liquid b fp. l40sl4l° £l83,g.
. 9 j wfeigh
^eirkgngd ©h §tanking, g&yg & 2 ? fe^dipitropbenylbydrjasQne ? 
plateg f^?g|Ei ^qeikiq aqid m fp. (FqUP-4 ? §? ??r*5? 5
H ?5»P©| N fi©,§i» ,§§|gr f@r %g%#4.p4? §?5l,7?f H,51?Q75 
N, 20,P3%) (HgrBi^ fi|i? ©ay4§ **§gort> m,py 194°
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T H E  R E A C T I O N  O F  T R A N S - 3 ~METH YLPENT - 3 - ENE - 2 -  O N E
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(Duplicate experiments were performed)
To sodium aside (6.5g.) in concentrated hydrochloric
acid (80ml.), stirred and surrounded by a water bath at 
o o
25 (+1 ), was added the ketone (4.9Og. 0.05 mole), dropwise, 
during a period of 1 hour. The reaction was then allowed 
to continue for a further 5 hours, when the evolution of 
gas had ceased. The mixture was poured on to ice-water 
(600ml.). Treatment.of the product was as described on 
page 116 and the fractions thus isolated were dealt with 
as shown below.
Residue I An intractable brown oil [(i) 0.53g. (ii) 0.47g.] 
(not further identified)
Residue V A brownish/white solid. This was ground under 
ethanol; the mixture was filtered, and the residue was 
washed with a small amount of ethanol. There remained 
a white solid, ammonium chloride [(i) 1.27g. (47.9%)
(ii) 1.26g. (47.5%)], which was identified by the 
preparation from it of benzaraide of m.p. 128-127° alone 
and when mixed with an authentic sample.
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Precipitate-VI An orange solid [(i) 1.02g. (ii) 1.31g,].
This was identified as a mixture of 2 ,4-dinitrophenylhydrazones 
(see under thin layer chromatography of 2,4-dinitrophenyl- 
hydrazones).
Precipitate V1X An orange solid [(i) 2.6Qg. (ii) 2.43g.].
This was identified as a mixture of 2 ,4-dinitrophenylhydrazones. 
(see under thin layer chromatography of 2 ,4-dinitrophenyl- 
hydrazones).
The Thin-Layer Chromatography of the 2,4-dinitrophenylhydrazones 
[Method of Bordet and Michel^^^^ ]
The 2,4-dinitrophenylhydrazones (Precipitates VI, 
and VII) obtained above (.005g.) , were dissolved in chloroform 
(1 ml.) and spotted ©U5(j,l) on Silica Gel G. plates. Authentic 
samples of the 2 ,4-dinitrophenylhydrazones of trans-3-methyl- 
pent-3-ene-2-one, acetone, acetaldehyde, formaldehyde and 
methyl ethyl ketone were also spotted on the plate. The 
plate was then eluted either in hexane-ether-alcohol (9 8:2 :2) 
or hexane-benzene-ether (48:48:4) (see figure 7 ).
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FIGURE 7
Thin-layer chromatography of' 2 ,*f-dinitrophenylhydrazone 
mixture obtained from the azido reaction of 
trans-3-methylpent-3--ene-2-one *
(a) (b) (c) (d) (e) (f) (g) (b) (e)(c) (d)
Plate : Silica Gel !G’.
Solvent : Hexane-ether-alcohol (*88-10-2)
(a) 2,^f-D.N.P.H. from carbonyl fraction (I).
(b) Methyl ethyl ketone 2,^f-D.N.P.H.
(c) Acetone 2,^-D.N.P.H. .
(a) Formaldehyde 2^-D.N.P.H.
(e) Acetaldehyde 2,^-D.N.P.H.
(f) 2,4-D.N.P.H. from carbonyl fraction (II).
(g) Trans-3*-methylpent-3-ene-2-one 2,^-D.NoP.H,
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Precipitate VI was not fully identified but was found to 
contain the 2 ,4-dinitrophenylhydrazones of trans-3-Eiethyl- 
pent-3-ene-2-one, methyl ethyl ketone, acetone, acetaldehyde 
and formaldehyde.
Precipitate VII also was not fully identified but was found 
to contain the 2 ,4-dinitrophenylhydrazones of trans-3-methyl- 
pent-3-ene-2-one, methyl ethyl ketone, acetone and 
acetaldehyde.
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ATTEMPTED PREPARATION OF THE AZIDS OF TRANS-3-METHYL-
PENT-3-ENE-2 ~ ONE 
(Duplicate experiments were performed)
To the ketone (4.90g. 0.03 mole) in trichloracetic 
acid (20g.), chloroform (20ml.) and acetic acid (20ml.), 
surrounded by a water bath at 25° added sodium
azide (8.0g„) portionwise during 1 hour. The mixture 
was left for 18 hours and water (50ml.) was added. The 
chloroform layer was removed and the aqueous solution 
was extracted with chloroform (1x25ml.); the chloroform 
extracts were combined, washed with aqueous sodium _ 
carbonate until evolution of carbon dioxide ceased, dried 
(Na^SO^) and the chloroform layer was removed at reduced
pressure. There remained an oil [(i) 3*lg. (ii) 4.0g.];
-1the infrared spectrum showed a peak at 2 ,100cm 
characteristic of the azido group. Gas-liquid chromato­
graphic analysis: 122cm., 10% carbowax 1 ,000, celite 
80-100, Argon, 60, 75°, 4, 7 rain., 38 rain., 43 min.,
57 min.
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THE DECOMPOSITION OF THE AZIDE MIXTURE OBTAINED FROM 
TRANS-3-METHYLPENT-3-ENE-2-ONE IN CONCENTRATED 
HYDROCHLORIC ACID 
(Duplicate experiments were performed)
The freshly prepared azide [(i) 3.1g«. (ii) 4.1g.] 
was added, dropwise, over 1 hour, to concentrated hydro­
chloric acid (30ml.), stirred and surrounded by a water 
bath at 25°(+l°)d The stirring was continued for a further 
4 hours when the mixture was poured on to ice-water 
(600ml.). Treatment of the product was as described on 
page 116 and the fractions thus isolated were dealt with 
as shown below.
Residue I An intractable brown oil [(i) 0.12g. (ii) 0.20g.] 
(not further identified)
Residue V A brownish/white solid. This was ground under
ethanol; the mixture was filtered and the residue was
washed with a small amount of ethanol* There remained a
white solid, ammonium chloride [(i) 0 .62g. (ii) 0 .83g.]
which was identified by the preparation from it of ’benzamide
of m.p. 126-127° alone and when mixed with an authentic
sample.
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Precipitate VI This distillation was not carried out.
Precipitate VII An orange solid [(i) 2.75g. (ii) 2,95g.3- 
This was identified as a mixture of 2 ,4-dinitrophenylhydrazones 
by thin-layer chromatography. The mixture was similar 
to that of Precipitate VII described on page 129 and consisted 
of the 2 ,4-dinitrophenylhydrazones of trans-3-nsethylpent- 
3-ene-2-one, methyl ethyl ketone, acetone and acetaldehyde.
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PREPARATION OF p-CHLOROPROPIOPKENONE 
[Method of Kenner and Statham^^]
3-Chloropropionic acid (20g.) and phosphorus 
trichloride (l8g„) were heated together on a water bath for 
1 hour, and then carbon disulphide (30ml.) was added. The 
filtered mixture was then added slowly to a mixture of 
benzene (l4g.), carbon disulphide (30ml.) and aluminium 
chloride (24g.). The reaction mixture was warmed, gently, 
for \ hour and was then poured on to ice (500g.) The 
organic layer was separated, washed with water (32c50Qml.) 
and the solvent was removed by evaporation. There 
remained (3-chloropropicphenone (19*4g. (62.5%)), plates
from light petroleuEi (40~60°) m.p. 47-48° (Kenner and 
Siatham^^ report m.p. 49-50° for |3-chloropropiophenone).
Conversion of 3-chloropropiophenone to Acrylophenone
To potassium acetate (7.6g. 0.077 mole) in ethanol 
(100ml.) was added, with stirring, 3-chloropropiophenone 
(13.0g., 0.077 mole) over a period of 10 minutes. The 
reaction was stirred for a further 50 Eiinutes. Chloroform 
(50ml.) was added and then water (100ml.) to effect a
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separation. The chloroform layer was removed, dried 
(Na0S0 , ) and the solvent was removed. The residual
d t T
colourless liquid was distilled under reduced pressure and 
the fraction b.p. 115°/l8m.m. was collected [(i) 6 .0g.
r q o i(58.9%) (ii) 6.2g. (60.8%)] (Allen and Barker1-7 J report 
b.p. 115°/l8m.m. for acrylophenone).
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THE REACTION OF ACRYLOPHENONE WITH HYD RAZOIC ACID 
IN CONCENTRATED HYDROCHLORIC ACID
(Duplicate experiments were performed)
To sodium azide (4.0g. ) in concentrated hydrochloric 
acid (30ml.), stirred and surrounded by a wafer bath at 
25°(+l°) was added acrylophenone (3-3g* (0.025 mole)), drop- 
wise, over a period of 30 minutes* The reaction was then 
allowed to stir for a further 2% hours when the mixture 
was poured on to ice (300g •). The treatment of the
product was as described on page' 116 and the fractions 
thus isolated were dealt with as shown below.
Residue I A yellow liquid [(i) 3.1g. (71.0%) (ii) 3.0g. 
(68.6%)]. The infrared spectrum of the liquid showed a 
peak at 2 ,100cm"1, characteristic of the azido group, and 
was identical to the infrared spectrum of authentic 
(3-azidopropiophenone.
Residue V - None 
Precipitate VI - None 
Precipitate VII — None
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THE PREPARATION OF (3-AZIDOPROPIOPHENONB 
(Duplicate experiments were performed)
A. From P-chloropropiophenone
To sodium azide (15.0g.) in acetic acid (40ml.) and
water (60ml.), surrounded by a water bath at 25°(_+l°), was
added, slowly with stirring, (3-chloropropiophenone (l4.0g.)
over a period of 30 minutes. The mixture was allowed to
stir for a further 3 days, and then extracted with ether
(2x50ml., 1x40ml.)* The combined ethereal extracts were
washed with aqueous sodium carbonate until no more carbon
dioxide was evolved, dried (Na^SO^), and the ether was
removed at reduced pressure. There remained an azide
[(i) 12.5g. (87.0%) (ii) 12.Bg. (88.9%)], {3-azidopropio-
phenone, which was not further purified. _ The infrared
-1spectrum of this compound had a peak at 2 ,100cm ,
characteristic of the azido group. The N.M.R. spectrum 
of the compound was obtained in deuterochloroform and 
showed a complex splitting pattern in the region 1.9^ - 2.7T 
and also two triplets centred at 6 .05T (6Hz) and 6.5^ (6liz). 
It gave 3-azidopropiophenone 2,4-dinitrophenylhydrazone, 
orange needles from ethanol m.p. 158-159 (Found: 0,51.51?
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H,3.84j N,26.04; requires:
N, 2 6.1690 .
B. From Acrylophenone
To sodium azide (10.3g.) in acetic acid (40ml.) 
and water (40ml,) was added, slowly with stirring, acryl^ 
plienone (8,48g„, 0 .064 mole) pver a period of 30 minutes.
The mixture was allowed to stir for a further 30 minutes end 
then extracted with ether (3x25ml.). The combined ethereal 
extracts were washed with aqueous sodium carbonate until 
no more carbon dioxide was evolved, dried (NaoS0r), and the 
ether was removed at reduced pressure. There remained an 
azide C(i) 7.34g. (65.0%) (ii) 7.62g. (67.5%)]? P^azidoprp*-.* 
pipphenone, which was not further purified. The infrared 
spectrum of this compound was identical with that of the ' 
azide obtained by method A.
0,51.75; H, 3.74;
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THE DECOMPOSITION OF P-AZIDOPROPIOPHENONB 
(Duplicate experiments were performed)
In Polyphosphoric Acid
The freshly prepared azide [(i) 2.49g- (ii) 1.79&-] 
was added over 30 minutes to polyphosphoric acid (60g.), 
stirred and surrounded by a water bath at 40° (+1°). The 
stirring was continued for a further 3 hours. The mixture 
was poured on to ice water (500ml.). Treatment of the 
product was as described on page 116 and the fractions thus 
isolated were dealt with as shown below.
Residue I An intractable oil [1.12g. (45.0% wt. returned)
(ii) 1.06g. (58.6% wt. returned)]. Not further identified.
Residue V A brownish/white solid [(i) 0.4-Qg. (16.6% wt. 
returned) (ii) 0.39g. (21.8% wt. returned)]. The presence 
of ammonium chloride in the mixture was detected by the 
evolution of ammonia on treatment with aqueous sodium 
hydroxide at room temperature* Benzoylation of the 
sample, by the Schotten~Bauman0l technique, gave a mixture 
of benzoyl derivatives, which was not identified.
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Precipitate VI - None
Precipitate VII A red solid. This was identified as 
acetophenone 2 ,4-dinifrophenylhydrazone C(i) 0.94g. (22.1%)
(ii) 0 .57g. (16.7%)], which, after three recrystallisations 
from acetic acid, had m.p. 245~246°, alone and when mixed 
with an authentic sample. The infrared spectrum of
2 ,4-dinitrophenylhydrazone and that of an authentic sample 
of acetophenone 2 ,4^*dinitrophenylhydrazone were identical.
In Sulphuric Acid.
The freshly prepared azide [(I), (ii) 4.0g.] in 
acetic acid (3.6ml.) was added, over 30 minutes, to concentrated 
sulphuric acid (45ml.), stirred and surrounded by a water 
bath at 40° (+1°). The stirring was continued for a 
further 3 hours when the reaction mixture was poured on to 
ice (400g.). The treatment of the product was as described 
on page 116 and the fractions thus isolated were dealt with 
as shown below.
Residue I An intractable oil [(i) 0.62g. (15.5% wt. returned), 
(ii) 0.64g. (l6.0% wt. returned)]. Not further identified.
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Residue V A brownish/white solid [(i) Q.57g. (14*5% wt* 
returned) (ii) 0.64g. (16.0% wt. returned)]. The presence 
of ammonium chloride in the mixture was detected by the 
evolution of ammonia as treatment with aqueous sodium 
hydroxide at room temperature. Benzoylation of the sample 
gave a mixture of benzoyl derivatives which was not identified.
Precipitate VI An orange solid [(i) 1.20g. (23.4%) (ii) 1.56g.
(30.4%)]. The 2 ,4-dinitrophenylhydrazone was chromatographed
on alumina using benzene and the product obtained, after two
recrystallisations from ethanol, had m.p. 141-142°. The
infrared spectrum of the derivative and that of authentic
acetaldehyde 2 ,4-dinitrophenylhydrazone were identical.
(Anderson, Le Fevre and Savage^^^ record m.p. 145° and m.p. 
o168 for acetaldehyde 2 ,4-dinitrophenylhydrazone*
Precipitate VII A red solid [(i) 0.28g. '(ii) 0.340].
After two recrystallisations from acetic acid the 2,4-dinitro- 
phenylhydrazone had m.p. 230-231°; it was not identified 
further.
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THE PURIFICATION OF ACRYLIC ACID, METHYL ACRYLATE,
ETHYL ACRYLATE AMD ACRYLONITRILE
Acrylic acid, methyl acrylate, ethyl acrylate and
acrylonitrile were commercially available and were distilled
prior to use.
Acrylic acid had b.p. 5^-56°/25nuEi. (Bulman^*^^
reports b.p. 140.8 - l4l°/760m*m. for acrylic acid.
o r n 6iMethyl acrylate had b.p. 85 (Kahlbaum reports
b.p. 85° Yor methyl acrylate).
Ethyl acrylate had b.p. 100-101° (Caspary and
r1x71 oTollens L J report b.p. 101-102 for ethyl acrylate.
o  r x x  81Acrylonitrile had b.p. 78 (Moreau reports
b.p. 78° for acrylonitrile).
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THE REACTIONS OF ACRYLIC ACID, METHYL ACRYLATE,
ETHYL ACRYLATE AND ACRYLONITRILE WITH HYDRAZOXC ACID 
IN CONCENTRATED HYDROCHLORIC ACID
(The standard conditions described below were used 
for all the compounds. Duplicate experiments were 
performed.)
To sodium azide (lO.Og., 0.154 mole) in concentrated
hydrochloric acid (30ml.), stirred and surrounded by a water 
o obath at 40 (jdL ), was added the compound (0.10 mole), 
dropwise, over a period of 1 hour. The reaction was 
allowed to continue for a further 17 hours when the reaction 
mixture was poured on to ice-water (600ml.).
The Isolation of the Products
The aqueous solution, from above, was distilled 
until portions of the distillate (Distillate X) no longer 
gave a precipitate with Brady*s reagent* The distillation 
residues were cooled, made alkaline with aqueous sodium 
hydroxide and the product was then distilled info hydrochloric 
acid (3N: 30ml» ) until portions of the distillate 
(Distillate XX) were no longer alkaline* The distillation
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residues were acidified and this solution together with 
Distillate I, above, were treated, separately, with Brady1s. 
reagent; Precipitates 1X1 and XV were collected, washed 
and dried. Distillate XX was evaporated to dryness; th,e 
residue (Residue V) was obtained.
The Reaction of Acrylic Acid
Residue V A brownish/white solid, which was ground under-'"' 
ethanol, the mixture was filtered and the residue was 
washed with a small amount of ethanol. The solid, 
ammonium chloride [(i) 0.77g. (14.490 (ii) 0 .78g. (14.690], 
was identified by the preparation from it of benzamide, 
which-had m.p. 125-126° alone and when mixed with an 
authentic saEiple. The infrared spectrum of the benzoylated 
sample and that of an authentic sample were identical.
Precipitate XII - None
Precipitate IV A yellow solid. This was identified as 
pyrhvic acid 2 ,4-dinitrophenylhydrazone [(i) 2.5g» (9*5%)
(ii) 3 .17g. (12.10%)]. After two recrystallisations from 
acetic acid the 2 ,4-dinitrophenylhydrasone had m.p. 218° alone
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and when mixed with an authentic sample. The infrared 
spectrum of the derivative and that of an authentic sample 
were identical.
The Reaction of Methyl Acrylate
Residue V A brownish/white solid. This was ground under 
ethanol; the mixture was filtered and the residue was 
washed with a little ethanol. There remained a white solid, 
ammonium chloride [(i) 1.15g. (21.8%) (ii) 1 .53g* (28.9%)]* 
which was identified by the preparation from if of benzamide 
of m.p, 126-127° alone and when mixed with an authentic 
sample.
Precipitate III - None
Precipitate IV A yellow solid. This was identified as 
pyruvic acid 2 ,4-dinitrophenylhydrazone [(i) 3 .73g* (14.5%) 
(ii) 3 .54g. (13.8%)]. After two recrystallisations from 
acetic acid it had m.p. 218° alone and when mixed with an 
authentic sample.
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The Reaction of* Ethyl Acrylate
Residue V A brownish/white solid. This was ground under 
ethanol; the mixture was filtered, and the residue was 
washed with a little ethanol* There remained a white solid, 
ammonium chloride [(i) 1.6lg. (31*5%) (ii) l,58g, (28.2%)], 
which was identified by the preparation from if of benzamide 
of m.p. 126P^127° alone-and when mixed with an authentic 
sample.
Precipitate 111 » None
Precipitate IV A yellow solid. This was identified as 
Pyruvic acid 2,4^dinitrophenylhydrazone [ (i) 3*51g<> (13*25%) 
(ii) 3.64g„ (13.52%)], After two recrystallisations from
acetie acid it had m.p, 218° alone and when mixed with an 
aufhentie sample.
The Reaction of Acrylonitrile
Residue V A brownish/white solid. After grinding under 
ethanol the mixture was filtered and the residue was 
washed with a little ethanol. There remained a white 
solid, ammonium chloride [(i) 1 .88g. (35*8%) (ii) 2 ,80g.
(52.8%)], which was identified by the preparation from it
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of benzamide which had m.p. 126^127° alone and when mixed 
with an authentic sample.
Precipitate XXI - None
Precipitate IV A yellow solid. This was identified as
Pyruvic acid 2 ,4-dinitrophenylhydrazone [(i) 1.4g. (5 *2%)
(ii) 1.95g* [7.3%]. After two recrystallisations from
oacetic acid it had m.p. 218 alone and when mixed with an 
authentic sample,
[In the yield of ammonia no correction has been made for
the ammonia produced by the hydrolysis of the nitrile to
the carboxylie acid, ]
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THE REACTIONS OF ACRYLIC ACID, METHYL ACRYLATE AND 
ACRYLONITRILE WITH HYDRAZOIC ACID IN CONCENTRATED
SULPHURIC ACID
(The standard conditions described below were used for 
all the experiments. Duplicate experiments were performed)
To sodium azide (10g., 0.154 mole) in sulphuric 
acid (98%, 30ml.), stirred and surrounded by a water bath 
at 40°(+1°), was added the compound (o.l mole) dropwise 
during a period of 30 minutes. The reaction was allowed 
to continue for a further 1 hour, when the mixture was then 
poured on to ice (4-00g.). The treatment of the product 
was as described on page 144 .
The Reaction of Acrylic Acid
Residue V A brownish/white solid. After grinding under 
ethanol the mixture was filtered and washed with a small 
amount of ethanol. There remained ammonium chloride 
[(i) 2.4g. (45*4%) (ii) 2.36g. (44.5%)] which was identified 
by the preparation from it of benzamide which had m.p. 
125-126° alone and when mixed with an authentic sample.
- 150 -
Precipitate III None
Precipitate IV A yellow solid. This was identified as 
pyruvic acid 2 ,4~dinitrophenylhydrazone [(i) 7.93g* (29*8%) 
(ii) 8.4g. (33-*W)]» which after two recrystallisations 
from acetic acid had m.p. 218° alone and when mixed with 
an authentic sample.
The Reaction of Methyl Acrylate
Residue V A brownish/white solid. After grinding under 
ethanol the mixture was filtered and washed with, a small 
amount of ethanol. There remained ammonium chloride 
[(i) 2 .20g. (41.5%) (ii) 1.96g. (38.0%)] identified by the 
preparation from it of benzamide which had m.p. 125-126° 
alone and when mixed with an authentic sample.
Precipitate III None
Precipitate IV* A yellow solid which was identified as 
pyruvic acid 2 ,4-diniirophenylhydrazone [(i) 8.49g. (31*6%) 
(ii) 8.04g. (30.0%)]. After two recrystallisations from 
acetic acid the 2,4-dinitrophenylhydrazone had m.p. 218° 
alone and when mixed with an authentic sample.
- 151 -
The Reaction of EthylAcrylate
Residue V A brownish/white solid. After grinding under 
ethanol the mixture was filtered and washed with a small 
amount of ethanol. There remained a white solid, ammonium 
chloride [3.04g. (57.0%) (ii) 2,98g. (55.8%)3j identified 
by the preparation from it of benzamide which had m.p. 
125-126° alone and when mixed with an authentic sample.
Precipitate III None
Precipitate TV A yellow solid which was identified as 
pyruvic acid 2,4-dinitrophenylhydrazone [(i) 9*24g. (3%.5%) 
(ii) 9.00g. (3 .^.0%)]. After two recrystallisations from 
acetic- acid the derivative had m.p. 218° alone and when 
mixed with an authentic sample.
The Reaction of Acrylonitrile
Residue V A brownish/white solid. After grinding under 
ethanol the mixture wasfiltered and washed with a small 
amount -of ethanol. There remained a white solid, ammonium 
chloride [4.62g. (87.1%) (ii) 4.A0g. (83.0%)], identified 
by the preparation from it of benzamide which had m.p.. 
125-126° alone and when mixed with an authentic sample.
~ 152 -
Precipitate III None
Precipitate XV A yellow solid. This was identified as 
pyruvic acid 2 ,%-dinitrophenylhydrazone C(i) 9*8%g.
(36.7°/o) ( ii) 9o35g. (34.8%)]. After two recrystallisations
from acetic acid the 2 ,4-dinitrophenylhydrazone had m.p.
o218 alone and when mixed with an authentic sample.
[In the yield of ammonia no correction has "been made 
for the ammonia produced by the hydrolysis of the nitrile 
to the carboxylic acid.]
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THE PREPARATION OF THE AZIDES DERIVED FROM ACRYLIC 
ACID, METHYL ACRYLATE, ETHYL ACRYLATE AND ACRYLONITRILE
(Duplicate preparations were performed)
3-Azidopropionic Acid
To sodium azide (8.0g. (0,12 mole) in wafer (3Qn*l.)
and acetic acid (30ml„), surrounded by a wafer bath at
40°(_+l°) , was added acrylic acid (3 .6g., 0,05 mole),
dropwise during a period of 1 hour. The reaction was
allowed to continue for a further 71 hours. The reaction
mixture was then extracted with ether (1x40ml., 2x20ml.)t
the ethereal solution was washed with ice-cold water
(2x50ml.), dried (MgSO^) and the ether was removed at
reduced pressure. There remained 3-&zidopropionic acid
[(i) 1.34g. (23.4%) (ii) 1.48 (25-8%)], a colourless liquid.
The infrared spectrum of this compound showed a peak at 
-12,110 cm characteristic of the azido group. The N.M.R. 
spectrum of this compound was obtained and gave:- 
-1.78t, 1 , S - 6 .4T, 2, t, 6Hz; 7 .35T, 2, t, 6Hz; CDCl^.
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Methyl 3-Azidopropionate
To sodium azide (8.0g. 0.12 mole) in water (30ml.)
and acetic acid (30ml.), surrounded by a water bath at 
o o
4-0 (+1 ), was added methyl acrylate (4.3g«» 0.05 mole),
dropwise over a period of* 1 hour. The reaction was allowed
to continue for a further 71 hours. The reaction mixture
was then extracted with ether (1x40ml., 2x20ml.); the
ethereal solution was washed with aqueous sodium carbonate
(2x50ml.), dried (MgSO^) and the ether was removed at
reduced pressure. There remained methyl 3-azidopropionate
[(i) 1 .90g. (29.4%) (ii) 1.86g. (28.8%)], a yellow liquid.
The infrared spectrum of this compound showed a peak at 
-12,100cm , characteristic of the azido group. The N.M.R.
spectrum of the azide was obtained and gave:- 6.29T, 3 » 5 $
6.4T, 2, t, 6Hz; 7.4-T, 2, t, 6Hz; CDCl^.
Ethyl-3-Azidopropionate
To sodium azide (8.0g., 0.12 mole) in water 
(30ml„) and acetic acid (30ml.), surrounded by a water bath 
at 40° (+1°)» added ethyl acrylate (5 «0g., Q .05 mole),
dropwise during a period of 1 hour. The reaction was
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allowed to continue for a further 71 hours. The reaction 
mixture was then extracted with ether (lx40ml., 2x20ml.); 
the etherealsolution was washed with aqueous sodium carbonate 
(2x50ml.), dried (MgSO^), and the ether was removed at 
reduced pressure. There remained ethyl 3-&z±dopropionate 
[(i) 2.8lg. (40.0%) (ii) 2 .?6g. (39*2%)], a yellow liquid.
The infrared spectrum of this compound showed a peak at 
2,100cei , characteristic of the azido group. The N.M.R.
spectrum of this compound was also obtained and showed:- 
5.95T, 2, q, 6 .8Hz; 6.58TT, 2, t, 6Hz; 7.5^, 2, t, 6.0Hz; 
8.75^, 3, t, 6 .8Hz; CDC13.
3-Azidopropiohitrile
To sodium azide (l6.0g., 0.24 mole) in water (70ml.) 
and acetic acid (30ml.), surrounded by a water bath at 40° 
(+1°) was added acrylonitrile (10.80g., 0.20 mole), 
dropwise over a period of 1 hour. The reaction was allowed 
to continue for a further 71 hours. The reaction mixture 
was then extracted with ether (1x40ml., 2x20ml.); the 
ethereal solution was washed with aqueous sodium carbonate 
(2x50ml.), dried (MgSO^) and the ether was removed at reduced
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pressure* There remained 3-S'Zidopropionitrile C(i) 0.89g.
(^.55%) (ii) 1.20g. (6.15%)]. The infrared spectrum of
-1thxs compound showed a peak at 2,100cm characteristic of the
M jL
azido group and also a peak at 2,210cm characteristic of 
the nitrile group. The N.M.R. spectrum of this compound 
was also obtained and gave:- 6.5T, 2, t, 6Hz; 7.39T, 2, t,
6Hz, CDCl^.
The Preparation of 3~Azidopropionic Acid Benzalhydrazide
The hydrazide of 3~&z±doprop±onic acid was prepared 
from methyl 3-azidopropionate and hydrazine hydrate according
r Q 2 1to the directions of Curtius . The bensal derivative 
was prepared by adding ah equimolar quantity of benzaldehyde 
to the hydrazide (a thick syrup) and heating 5 minutes on a 
steam bath. The clear solution which resulted was allowed 
to stand for 10 hours in a refrigerator when crystallisa­
tion was complete. After three recrystallisations from 
aqueous ethanol, the derivative separated as very fine, 
faintly yellow needles m.p. 115-116°.
[C u r t i u s r e p o r t s  m.p. 116-117° for 3-&zido- 
propionic acid benzalhydrazide) (Found: C, 55.^5; H, 5.12;
N, 32,12. Calc, for C ^ H ^ N  0: C, 55.29; H, 5.10; N, 32.23%).
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THE DECOMPOSITION OF TUB AZIDES OF ACRYLIC ACID, 
METHYL ACRYLATE, ETHYL ACRYLATE AND ACRYLONITRILE 
IN CONCENTRATED SULPHURIC ACID 
(Duplicate experiments were performed) 
3-Azidopropionic Acid
The freshly prepared azide [(i)3.^2g. (ii) 3.29g.)], 
in glacial acetic acid (5ml.), was added, carefully over 
a period of 1 hour, to sulphuric acid (9$%, 30ml.), stirred 
and surrounded by a water bath at %0° (+1°). The stirring 
was continued for a further 1 hour when the evolution of 
gas had ceased. The reaction mixture was poured on to ice 
(30Gg.). The product was treated in the manner described 
on page Ikk and the fractions thus isolated were dealt 
with as shown below.
Residue V A brownish/white solid. After grinding under 
ethanol, the mixture was filtered and washed with a small 
amount of ethanol. There remained ammonium chloride 
[(i) 1.05g. (65.1%) (ii) 1 .06g. (68.0%)] identified by the
preparation from it of benzamide which had m.p. 125-126° 
alone and when mixed with an authentic sample.
Precipitate III None
Precipitate IV A yellow solid. This was Identified as 
pyruvic acid 2 ,4-dinitrophenylhydrazone [(i) 5*46gc (68*6%)
(ii) 5 52g (71* 5%)], which after two recrystallisations
from acetic acid had m.p, 218° alone and when mixed 
with an authentic sample.
Methyl 3-Azidopropionate
The freshly prepared azide [(i) 2.46g. (ii) 2.73g*]» 
in acetic acid (5ml.), was added carefully, over a period 
of 1 hour, to the sulphuric acid (98%, 30ei1 .), stirred 
and surrounded by a water bath at 40° (+1°) * The stirring 
was continued for a further 30 minutes when the evolution 
of gas had ceased. The mixture was poured on to ice 
(3QQg.). Treatment of the product was as described on 
page 144 and the fractions.thus isolated were dealt with 
as shown below.
Residue V A brownish/white solid. After grinding under 
ethanol, the mixture was filtered and washed with a small 
amount of ethanol. There remained ammonium chloride
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[(i) 0.90g. (89.6%) (ii) l.Og. (90.0%)'] identified by* the 
preparation from it of bensamide which had m.p. 125-126° 
alone and when mixed with an authentic sample.
Precipitate III None
Precipitate IV A yellow solid. This was identified as 
pyruvic acid 2 ,4-dinitrophenylhydrazone [(i) 3 *52g. (68.8%) 
(ii) 4.l6g. (73*5%)] which, after two recrystallisations 
from acetic acid, had m.p. 218° alone and when mixed with 
an authentic sample.
Ethyl 3-Azidopropionate
The freshly prepared azide [(i) l.t)g. (ii) l.lg.], 
in acetic acid (5ml.), was added, carefully over a period 
of 1 hour, to sulphuric acid (98%, 20ml.), stirred and 
surrounded by a water bath at 40° (+1°). The stirring was 
continued for a further 38 minutes, when the evolution of 
gas had ceased. The mixture was poured on to iCe (200g.). 
The treatment of the product was as described on page 144 
and the fractions thus isolated were dealt with as shown 
below.
160 -
Residue V A brownish/white solid. After grinding under 
ethanol the mixture was filtered and washed with a small 
amount of ethanol. There remained ammonium chloride 
[(i) 0 .28g. (74.9%) (ii) Q.31g. (75*5%)] identified by the 
preparation from it of benzamide which had m.p. 125-126 
alone and when mixed with an authentic sample.
Residue III None
Residue IV A yellow solid. This was identified as pyruvic 
acid 2,4-dinitrophenylhydrazone [(i) 1 .22g. (65.0%) (ii) 1.31g* 
(63.9%)] which, after two recrystallisations from acetic 
acid, had m.p. 218° alone and when mixed with an authentic 
sample.
3-Azidopropionitrile
The freshly prepared azide [(i) G.89g. (ii) l.QOg.], 
in acetic acid (5ml.), was added, carefully over a period 
of 1 hour, to sulphuric acid (98%, 30ml.), stirred and 
surrounded by a water bath at 40° (+1°)• The stirring 
was continued for a further 1 hour when the evolution of 
gas had ceased. The mixture was poured on to ice (2Q0g.).
The product was treated as described on page 144 and the 
fractions thus isolated were dealt with as shown below.
Residue A broxmish/white solid. After grinding under
ethanol the mixture was filtered and washed with a small 
amount of ethanol. There remained, ammonium chloride 
[(i) 0*48g. (94.0%) Q.9Qg. (136.2%)], identified by the 
preparation from it of benzamide which had m.p. 125-126° 
alone and when mixed with an authentic sample.
Precipitate III None
Precipitate IV A yellow solid. This was identified 
as pyruvic acid 2 ,4-dinitrophenylhydrazone [(i) 1.65g. 
(66.5%) (ii) 2.51g. (84.2%)] which, after two recrystallisa- 
tions from acetic acid, had m.p. 218° alone and when mixed 
with an authentic sample.
[In the yield of ammonia no correction has been 
made for the ammonia produced by the hydrolysis of the' 
nitrile to the cafboxylid acid.]
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THE DECOMPOSITION OF THE AZIDES OF ACRYLIC ACID,
METHYL ACRYLATE, ETHYL ACRYLATE AND ACRTLONITRILE IN 
CONCENTRATED HYDROCHLORIC ACID
3-Azidopropionic Acid
The freshly prepared azide [(i) 1.43g. (ii) 1.58g.]
was added, dropwise over a period of 30 minutes, to
concentrated hydrochloric acid (30ml.), stirred and
o osurrounded by a water bath at 40 (+1 ) . The stirring
was continued for 3 days. The reaction mixture was then 
poured on to ice-water (50ml.) and extracted with ether 
(1x50ml., 2x25ml.); the ethereal solution was washed with 
water, dried (MgSO^); and the ether was removed at reduced 
pressure. There remained a yellow oil; the infrared 
spectrum of the oil was identical to that of the starting 
material, 3-nzidopropionic acid [(i) l.Og. (70.0%) (ii) 1.08g. 
(67.4%)]. The treatment of the aqueous solution after 
ether extraction was as described on page 144 •
Residue V None 
Precipitate III None 
Precipitate IV None
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Methyl 3-Azidopropionate
The freshly prepared azide [(i) 1.9^g# (ii) i.85g.] 
was added dropwise oyer 30 minutes to concentrated hydrochloric 
acid (30ml.) stirred, and surrounded by a water bath at 
k0°(± l°). The stirring was continued for 3 days* The 
reaction mixture was then poured on to ice-water (50ml.) 
and extracted with ether (1x50ml., 2x25ml.); the ethereal 
solution was washed with water, dried (MgSO, ) and the ether 
was removed at reduced pressure. There remained a yellow 
oil, 3-azidopropionic acid [(i) X.XOg. (63*5^) (ii) 1.23g* 
(7^*5%)], identified by its infrared spectrum which was 
identical to that of an authentic sample of 3-azidopropionic 
acid. The treatment of the aqueous solution, after ether 
extraction, was as described on page 144 •
Residue V None 
Precipitate XXX None 
Precipitate IV None
Ethyl 3-azidopropionate
The freshly prepared azide ((i), (ii) 0.90g.) 
was added dropwise over 20 minutes to concentrated hydrochloric
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acid (30ml.), stirred and surrounded by a water bath at 
40° (+.1°). The stirring was continued for 3 days. The 
reaction mixture was then poured on to ice-water (50ml.) 
and extracted with ether (1x50ml., 2x25ml.); the ethereal 
solution was washed with water, dried (MgSO^) and the ether 
was removed at reduced pressure. There remained a yellow 
oil, 3-azidopropionic acid C)i) 0 .5^g. (77.1?0 (ii) 0.54g. 
(74.5%)], identified by its infrared spectrum which was 
identical to that of an authentic sample of 3-azidopropionic 
acid. The treatment of the aqueous solution, after ether 
extraction, was as described on page 144 *
Residue V None 
Precipitate XXX None 
Precipitate V None
3-Azidopropionitrile
The freshly prepared azide t(i) 0.89g. (ii) 1.10g.] 
was added, dropwise over 20 minutes, to concentrated 
hydrochloric acid, stirred and surro^^nded by a water bath 
at 40° (+i°). The stirring was continued for 3 days.
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The reaction mixture was then poured on to ice-water (50ml. 
arid extracted with ether (1x50ml., 2x25mX.); the ethereal 
solution was washed with water, dried (MgSO^), and the 
ether was removed at reduced pressure. There remained a 
yellow oil, 3-azidopropionic acid [(i) 0 .73g. (68.6%)
(ii) 0 .85g. (67.3%)], identified by its infrared spectrum 
which was identical to that of an authentic sample of 
3-azidopropionic acid. The treatment of the aqueous 
solution after ether extraction was as described on 
page 144
Residue (V) None 
Precipitate (XXX) None 
Precipitate (XV) None
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SYNTHESIS OF ETHYL AZXRXDINB-2-CARBOXYLATB
A. Preparation of Methyl 2-Chloroacrylate 
(Method of Marvel et al.^'*’*^)
Chlorine gas, dried over concentrated sulphuric 
acid, was passed rapidly for 7 hours through a solution 
of methyl acrylate [46*6g. (542 mole)] and methanol (223ml#) 
in a one litre reaction vessel fitted with reflux condenser, 
stirrer, gas inlet and thermometer. The reaction vessel 
was surrounded by an ice-bath and the temperature of the 
reaction mixture was kept below 40°.
When the addition was completed the methanol was 
removed by distillation at atmospheric pressure. The 
distillation residue was then fractionated at reduced 
pressure, using a 25cm. column packed with Fenske helices 
and the fraction b.p. 87-89°/30mm. was collected [Marvel 
et al.^^^^ reports b.p. ?2-75°/21 mm. for methyl 2 , 3-dichloro- 
propionate]. Gas-liquid chromatographic analysis indicated
that the product was a single substance [93cm, 20% carbowax 
1000, Celite, 80-100, hydrogen, 8lbs. sqr. in, 110°, 1 ,
15.2 mins, flame ionisation detector.]
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Methyl 2,3-dichloropropionate (l5Sg.) was added
to quinoline (130g.) and the whole was Immediately
fractionated; methyl 2-chloroacrylate (106.5g«)
b.p. 62-64°/56mm„ was collected. [Marvel et a l . ^ ^ ^  
o *record b.p. 50 /52mm. for this compound.]
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B * Conversion of Methyl 2-chloroacrylate to Methyl 2-chloro- 
3-phthalimidopropionate
(Method of Gundermann et a l . ^ ^ )
Methyl 2-chloroacrylate (76g.) and phthalimide (88g.) 
was added to benzene (200ml.) and the whole was heated under 
gentle reflux; to the heated solution was added, dropwise 
over a period of 30 minutes, sodium methoxide [Sodium (2.4g„) 
in methanol (276ml.)] under the surface of the liquid, 
through a modified dropping funnel. When the addition 
was complete the reaction mixture was heated under reflux 
for a further 30 minutes. The solution was then allowed 
to cool overnight, after which the bulk of the addition 
products had crystallised. The solvent was filtered at 
the pump and the residue was washed with a little methanol, 
and was then dried in a desiccator. The filtrate and 
washings were then evaporated to dryness at reduced pressure 
and the residual solid was dissolved in chloroform (200ml.). 
The chloroform solution was washed with aqueous sodium 
hydroxide (0.2N, 3x500ml*), dried (Na^SO^) and the 
chloroform was removed at reduced pressure. There remained 
some further solid, which was added to that previously 
obtained and the whole was recrystallised from ethanol.
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There was obtained methyl 2-chloro-3-phthaXimidopropionate
(127g. (75%)) as colourless needles m.p* 121° [Gundermann
r 951 oand Hottmann report m.p. 120-121 Tor methyl 2-chloro-3-
phthalimidopropionate].
C. Conversion of Methyl 2-chloro-3-Phthalimidopropionate 
to 2-chloro-3-eminopropionlc acid hydrochloride
To the methyl 2-chloro-3-phthalimidopropionate (127g.) 
was added hydrochloric acid [20% wt/vol., 1300ml.] and the 
whole was heated under reflux for 5 hours. The solution 
was allowed to stand for 24 hours, and the phthalic acid 
which precipitated was removed by filtration. The filtrate 
was evaporated to dryness at reduced pressure. The residual 
solid was dissolved in water (600ml.) and the solution was 
heated with activated charcoal (2g.) for 1 hour at 80°.
After filtration, the filtrate was evaporated to dryness at 
reduced pressure. The solid obtained was then added to 
hot propan-2-ol (400ml») which was heated to just below 
its boiling point. The product was then filtered to remove 
any undissolved material and the filtrate was evaporated 
until crystals appeared. To the cooled product absolute
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ether was added; colourless crystals of 2-chloro-3-aminopro- 
pionic acid hydrochloride (5^*2g#; 79.0%) were precipitated.
D. Conversion of 2-chloro-3~“^ minopropionic acid hydrochloride 
to ethyl 2-chloro-3-aminopropionate hydrochloride
Hydrogen chloride, dried by passage through 
sulphuric acid, was passed through a solution of 2-chloro-
3-aminopropionic acid hydrochloride(10g.) in absolute ethanol 
(200ml.) until the solution became saturated.
The resulting solution was heated under reflux for 
4 hours, allowed to cool, and then resaturated with dry 
hydrogen chloride. After saturation it was allowed to 
stand for 12 hours. The ethanol was removed by distillation 
at reduced pressure and there remained colourless crystals 
of ethyl 2-chloro-3-nminapropionate hydrochloride (10.5g.; 
89.8%) m.p* 100-101°.
E. Conversion of ethyl 2-chloro-3-‘aminopropionate hydro­
chloride into ethyl aziridine-2-carboxylate
To ethyl 2-chloro-3-~aminopropionate hydrochloride 
(lOg.) in absolute ethanol (100ml.) was added triethanolamine 
(20g.) and the whole was stirred for 5 hours at 65°.
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Triethanolamine hydrochi oiride was then filtered off at the 
pump and the ethanol was removed from the filtrate by 
distillation at reduced pressure. There remained a yellow 
oil which was distilled at reduced pressure and the fraction 
b.p. 54-55°/l2mm. was collected [1.90g. (30.9%)]. [Gundermann 
et a l . ^ ^  reports b.p. 53~55°/l2mm for ethyl aziridine-2- 
carboxylate]. The infrared spectrum of the compound was
r Or ”1
identical to that given by Gundermann et. al. . The
N.M.R. spectrum was obtained and showed
5.9T, 2, q, 7Hz; 7.65'r, 1, broad peak; 8.2T, 1, broad 
peak; 8.7^, 3, t, 7Hz. CDCl^.
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DECOMPOSITION OF ETHYL AZXRIDINB-2-CARBQXYLATE 
IN CONCENTRATED HYDROCHLORIC ACID 
(Duplicate experiments were performed)
The freshly prepared ethyl aziridine-2-carboxylate 
[(i) 0.35g. (ii) 0.39g.] was added, over 30 minutes, to 
concentrated hydrochloric (20ml.), stirred and surrounded 
by a water bath at 40°(_+l°) . The stirring was allowed to 
continue for a further 18 hours when the reaction mixture 
was poured on to ice-water (200ml*). The treatment of the 
product was as described on page 144 and the fractions 
thus isolated were dealt with as shown below.
Residue V A white-solid, ammonium chloride [(i) Q.05g. 
(31.4%) (ii) 0.06g. (32.4%) which was identified by its 
infrared spectrum which was identical to that of an 
authentic sample of ammonium chloride*
Precipitate III None
Precipitate IV A yellow solid. This was identified 
as pyruvic acid 2,4-dinitrophenylhydrazone [(i) 0.28g.
(35*0%) (ii) 0.290g. (31.9%)]. After two recrystallisations 
from acetic acid the derivative had m.p. 218° alone and when 
mixed with an authentic sample*
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DECOMPOSITION OF ETHYL AZIRIDINE-2-CARBOXYLATB IN CONCEN­
TRATED SULPHURIC ACID 
(Duplicate experiments were performed)
The freshly prepared ethyl aziridine-2-carboxylate 
[(i) 0.42g. (ii) 0.56g.) was added, over 30 minutes, to 
concentrated sulphuric acid (20ml.), stirred and surrounded 
by a water bath at 40°(+l°). The stirring was allowed to 
continue for a further 18 hours when the mixture was poured 
on to ice (200g.). The treatment of the product was as 
described on page 144 , but no products were isolated.
- 173 -
THE REACTION OF MALEIC ANHYDRIDE ¥XTH HYDRAZOIC 
ACID IN THE PRESENCE OF CONCENTRATED HYDROCHLORIC ACID
(Duplicate experiments were performed)
To sodium azide (lO.Og.), in concentrated hydrochloric 
acid (30ml.), stirred and surrounded by a water bath at 
40°(+l°) was added maleic anhydride (9-8g. , 0.1 mole), 
portionwise over a period of 30 minutes* The reaction 
was allowed to continue for a further 17^ hours. The 
reaction mixture was then poured onto ice water (600ol.).
The product was filtered and the treatment of the filtrate was 
as described on page 144 and the fractions thus isolated 
were dealt with as shown below. The solid obtained after 
filtration of the aqueous reaction mixture was identified 
as fumaric acid [(i) 2.6Qg. (22.1%) (ii) 2.73g* (23*1%) 
which after two recrystallisations from ether had m.p. 300- 
301° (sealed tube) alone and when mixed with an authentic 
sample.
Residue V A brownish/white solid. This was ground under 
ethanol, the mixture was filtered and the residue washed with 
a small amount of ethanol. The solid, ammonium chloride
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[(i) Q.98g. (18.35%) (±i) 1 .0?g. (20.0%)] was identified by
tlie preparation from it of benxamide; it bad m.p. 125-126° 
alone and when mixed with an authentic sample.
Precipitate III A red solid. This was identified as 
glyoxal bis- 2 ,4-dinitrophenylhydrazone [(i) 3 *88g. (9«3%) 
(ii) 3 *09g. (7*4%)] which after one recrystallisation from
r \ Odimethyl sulphoxide had m.p. 318 alone and when mixed with
r 1 2 0 1an authentic sample. (Glasstone and Hickling report
m.p. 318° for this compound). The infrared spectrum 
of the bis- 2 ,4-dinitrophenylhydrazone and that of the 
authentic sample were identical.
Precipitate VI A yellow solid. This was identified as
pyruvic acid 2 ,4-dinitrophenylhydrazone [(i) 3 #90g. (14.6%)
(ii) 2 .85g. (11.0%), which after two recrystallisations 
from acetic acid had m.p. 218° alone and when mixed with 
an authentic sample.
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THE REACTION OF VINYL ACETATE WITH HYDRAZOIC 
ACID IN CONCENTRATED HYDROCHLORIC ACID 
(Duplicate experiments were performed)
To sodium azide (lO.Og., 0.154 mole) in concentrated
hydrochloric acid, stirred and surrounded by a water bath at 
o o40w (+1 ), was added vinyl acetate (8 .6g., 0.1 mole), 
dropwise,<over a period of 1 hour. The reaction was 
allowed to continue for a further 17 hours when the reaction 
mixture "was poured on to ice water. The treatment of the 
product was similar to that described on page 144 . The
essential difference was that the distillate obtained from 
carbonyl distillation 1 was divided in two; to one half 
was added Brady's reagent (Precipitate Via) and the other 
half was neutralized and then evaporated to dryness 
(Residue Vlb).
Residue V A brownish/white solid. This was ground under 
ethanol, the residue was filtered off and washed with 
ethanol. There remained ammonium chloride [(i) 3 .8g. 
(71.0%) (ii) 3 .3g. (6l.6%)], identified by the preparation
r Ofrom it of benzamide which had m.p. 126-127 alone and 
when mixed with an authentic sample.
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Precipitate Via None
Residue VIb. A white solid. This was identified as 
sodium acetate [(i) 3,25g. (79.3%) (ii) 3.13g. (76.2%)] 
by the preparation of the jS~benzylthiouronium derivative 
of the free acid which had m.p. 135° alone and when mixed 
with an authentic sample.
Precipitate VII None
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THE REACTION OF VINYL ACETATE WITH HYDRAZOIC 
ACID IN AQUEOUS ACETIC ACID .
(Duplicate experiments were performed)
To sodium azide (l6.0g. (0.24 mole) in water
(60ml.) and acetic acid (60ml.), surrounded by a water bath 
o oat 40 (+1 ) was added vinyl acetate (8 »6g., 0.10 Eiole) 
dropwise over a period of 1 hour. The reaction was allowed 
to continue for a further 71 hours. The reaction mixture 
was then extracted with ether (2x40ml., 2x20ml«); the 
ethereal solution was washed with aqueous sodium carbonate 
(3x50ml.), dried (NaoS0,) and the ether was removed atCi *£
reduced pressure. There remained a colourless crystalline
solid (i) 1.12g. (ii) 0 .9Sg.) needles from petroleum ether
(b.p. 40—60°) m.p. 47-47.5°. The infrared spectrum of
-1this compound showed a peak at 2 ,X50ca , characteristic
-1of the azido group and a peak, at 3,400cm assigned to the 
NH stretching frequency. The N.M.R. spectrum of this 
compound was obtained in a variety of solvents and showed:- 
7.IT, 3, s; 7.18t, 3, s,i 3.S5T, 2, s; CC14: 7.65T, 3, a; 
7.72T, 3, s; 5.4T, 2, s; CgHg: 7.12T, 3, s; 7.21T, 3, s; 
4.7T, 2, s; CDC1 .
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Analysis figures obtained for the compound were C,24.36; 
H,4.23, N,41.66 (Bernhardt) C,24.30; H,4.10; M,47.9 
(May and Baker Microamalytical Department) N,5Q.6% (Imperial 
College Microanalytical Department). [C^HgNgO^ requires 
C ,24.0; H,4.0, N,56.0%.]
The molecular weight indicated in chloroform 
solution by Vapour Pressure Osmometry was 113.2 and 115.
A mass spectrum of the compound was obtained and 
showed peaks at 101, 100, 70, 58, 57, 56, 43, 42, and 28.
The solid (0.107g.) was dissolved in chloroform 
(5ml.) and the chloroform allowed to evaporate at room 
temperature. After evaporation there reEiained a white 
crystalline solid (0 .107g.) m.p. 47-47.5°, the infrared 
spectrum of which was identical to that of the starting 
material.
The ultraviolet spectrum of the compound was 
determined in aqueous solution (0.0244g/l00ml.) in 1 m.m. 
cells; X. 22Qo[i (shoulder), A = 1 .0 6, 8 = 9.45x10^? X, 265^ *41 
(shoulder), absorbance not measurable at this concentration.
The solid (0.10g.) was dissolved in water (5ml.) and 
silver nitrate (2ml.) was added; no precipitate was formed
- 179 -
in the cold; on gentle warming a colourless precipitate, 
soluble in dilute nitric acid, slowly formed. Sodium 
azide (0.10g.) was also dissolved in water (5ml.) and 
silver nitrate (2ml.) added; in this case an immediate 
white precipitate was seen, soluble in dilute nitric acid.
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THE DECOMPOSITION OF THE COMPOUND m.p. 47-47.5°
IN CONCENTRATED HYDROCHLORIC ACID
The compound [(1) 0.52g. (ii) 0.43g.] was added, 
over 30 minutes,- to concentrated hydrochloric acid (20ml.), 
stirred and surrounded by a water bath at 40°(+1°). The 
stirring was allowed to continue for a further 18 hours 
when the reaction mixture was poured on to ice water 
(200ml.). The treatment of the product was as described 
on page 144 , except that distillate I was not divided, and 
the fractions thus isolated were dealt with as shown below.
Residue V A white solid. This was identified as ammonium 
chloride [(i) 0.094g. (67.5%) (ii) 0.075g. (65.5%)] by 
its infrared spectrum which was identical to that of an 
authentic sample.
Residue VIb A white solid. This was identified as 
sodium acetate [(i) 0.154g. (72.5%) (ii) 0.125g* (71.0%)] 
by its infrared spectrum which was identical to that of 
an authentic sample.
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